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Aluminum’ cutbacks __or- 
dered; copper, zine, nickel or- 
ders likely to follow. Metal situa- 
tion extremely tight. 


NY FEARS that the nation 

would slacken into a feeling of 
complacency regarding the rearma- 
ment program have been dissipated 
by the sudden changes in the battle- 
front conditions in Korea. 


The changed complexion of Con- 
gress will have little, if any, effect in 
the long run on a continuing and 
tough program of huge-scale mili- 
tary expenditures, extending into the 
forseeable future. This, too, will in- 
clude continued military and econom- 
ic aid to Europe. The logic of this 
aid cannot be controverted although 
we will put pressure on the Western 
European countries to assure increas- 
ing share of their responsibility. 


Control regulations governing 
metals and other materials are now 
being issued with greater frequency 
from Washington. You can expect 
these orders to become more and 
more stringent and they will bite 
more and more deeply into civilian 
production. By next July, it is more 
than likely that an all-out system of 
allocations will apply to all metals. 
cut pretty much on the same pattern 
as the Controlled Materials Plan 
(CMP) of the last war. 


Fulfilling pre-election predictioa, 
the National Production Authority 
has issued an aluminum cutback or- 
der. This order (M-7) calls for a cut- 
back in the consumption of the light 
metal by 35 per cent of the quantities 
used during the first half of this year. 
Actually, it is felt by both aluminum 
producers and users that this is equiv- 
alent to a 45-per cent cutback since 
the current consumption is running 
heavier than earlier this year. 


Headpiece: Electrical manufacture in England. 
Switchgear production line in Reyrolles fac- 


tory, Hebburn, Durham. (See p. 76, “Design 
Ideas from Abroad.”’) 
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A new order restricting civil- 
ian copper use is expected momen- 
tarily. It is expected to ask brass 
mills to set aside about 20 per cent of 
their output for defense orders and 
the wire mills to set aside 5 per cent 
of their production to meet the “DO” 
ratings. New orders enforcing cut- 
backs in zine and nickel for civilian 
use are also expected. 


Copper producers meet with NPA 
officials in Washington as this is be- 
ing written to iron out details. Re- 
ports are that no end-use restrictions 
on copper will be imposed. Here are 
some price highlights on the metals: 


Copper. Demand still very sharp. 
While primary market price remains 
at 2414¢ per lb, prices as high as 
42¢ have been heard. Scrap copper 
prices are still around 32¢ in the out- 
side market. 


Lead. Supplies of lead are slim. 
Consumers are lining up waiting to 
secure orders already placed. Price 
at New York unchanged at 17¢ a lb. 


Zinc. Zinc remains in terrific de- 
mand with supplies hardly adequate. 
While 1714¢ per lb East St. Louis 
basis remains quoted, outside market 
prices are bringing much _ higher 
levels. 


Tin. Tin has had its startling ups 
and downs. Skyrocketing to $1.70 
at one point, it slid back to $1.30 as 
the market collapsed. However, it 
picked up again and at present 
stands around $1.40. 


Aluminum. Prices are unchanged, 
with 19¢ quoted for 30-lb ingot, 99 
per cent plus. However, secondary 
aluminum prices continue to push up. 


Steel. Gray market has worsened. 
Cold-rolled steel is reported being 
sold as high as $500 a ton. Steel 
scrap, which has been held in line for 
several months, is breaking through. 


A study of the various orders 
issued by NPA to date will disclose 
a clear pattern. The problem of chan- 
neling scarce materials to military and 











essential civilian requirements, and 
of conserving these materials is met 
by a five-point approach: 


1. A flat ban on the manufacture 
of certain products or on some indus- 
trial activity not deemed essential, 
Example: The ban on the construe. 
tion of new amusement and recrea- 
tional structures to save steel, lead, 
copper and other materials. 


2. A positive or “set-aside” order 
assuring a certain essential industry 
of a specified quantity of a needed 
material. Example: The order pro- 
viding freight car builders with suf- 
ficient steel in the first quarter of 
1951 to turn out 30,000 badly needed 


new cars, 


3. Cutbacks on manufacturing con- 
sumption of certain materials. Ex- 
ample: The cutback on the use of 
aluminum for civilian products. 
(Manufacturers obtain special ear- 
marked supplies for “DO” orders.) 


4. The “DO” system of priorities 
for defense orders. 


5. Limitation on the use of certain 
materials to “DO” orders. Example: 


Cobalt. 


This approach is quite flex- 
ible, and under the cutback system 
leaves it to the manufacturer himself 
to decide in which end product he 
should make his cuts or even which 
end product he should eliminate from 
production. In some instances, NPA 
may adopt a modification of one of 
the procedures. For example instead 
of ordering an across-the-board cut- 
back in the use, say, of copper in all 
industries, it may order a specified 
decrease in the use of this metal in 
plumbing, kitchen utensils, and so on. 


To facilitate the problem of equit- 
able distribution of materials, the 
NPA has issued several orders which 
permit producers and fabricators to 
place a ceiling over the quantities 
they are required to supply under de- 
fense orders. 


Recent NPA Order M-9 is an ex- 
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Radio-TV Production 1950* 


(In number of Sets) 








Television | Home Radios Auto Radios | Portable Radios 

January 124,000 581,000 329,000 69,000 
February 536,000 505,000 379,000 120,000 
March 643,000 587,000 389,000 114,000 
April 432,000 526,000 273,000 143,000 
May 557,000 796,000 291,000 351,000 
June 522,000 710,000 567,000 262,000 
July 330,315 391,170 234,025 97,323 
August 702,287 754,232 320,960 128,255 
September 817,157 831,837 356,388 129,070 
October $13,851 942,245 385,171 86,147 
Ten Months 

Total 5,777,610 6,624,484 3,357,544 1,499,795 

* Source: Radio-Television Manufacturers Association (industry estimates). 
ample: it applies to zinc and allows cent. . . . System of allocations for 


the prime suppliers to limit their 
“DO” deliveries in any one month to 
10 per cent of their output in a spec- 
ified base period. Similar orders 
had been already issued covering 
steels and aluminum although per- 
centages differ in each case. 


The Munitions Board through 
its program of stockpiling strategic 
materials, plays a vital part in the 
materials picture by setting aside im- 
portant quantities for military use. 
Another government agency, the Fed- 
eral Reserve Board, through its power 
to drastically cut down consumer 
credit may have an indirect influence 
on materials supplies. Some observ- 
ers feel that these credit curbs will 
cause a sufficient drop in consumer 
demand for TV sets, appliances and 
automobiles to appreciably ease up 
the civilian demand for scarce ma- 
terials. 


The severe slash in home construc- 
tion—from a million to some 600.- 
000 units next year—should also re- 
lieve some of the pressure on steel, 
copper, zinc and lead. 


Here is a quick review of gov- 
ernment rulings and orders (other 
than already mentioned here) during 
the past month: 


NPA Order M-3 earmarks the ea- 
tire production and use of columbium- 
bearing stainless steel for military 
purposes. . . . Rubber consumption 
for civilian use was cut back once 
more, by some 16 per cent from ex- 
isting levels. This applies to both 
synthetic and natural; for natural 
rubber alone the cutback is 25 per 





government-produced synthetic rub- 
ber has been set up. 


Ceiling on exports of copper and 
copper products has been invoked by 
the Department of Commerce; no 
more than 30,000 tons to be exported. 


Production-wise, copper out- 
put (primary) was 83,689 tons in 
October, up from 80,102 (corrected) 
in September. Refined output was 
110,435 tons slightly off from 111,- 
842. Deliveries to fabricators rose to 
121,806 tons from 119,529. Stocks 
at the end of the month were down to 
56,945 tons against 58,748 tons. 


For the first ten months of 1950 
deliveries to fabricators were 1,137,- 
525 tons, against 1,031,595 tons for 
all of 1949. Refined production for 
the same comparative periods was 
1,059,984 tons against 1,056,463. 


These figures are still relatively 
normal. The big headache will come 
when demand starts pushing through 
these levels. Peak wartime produc- 
tion of refined copper was in 1943 
when it reached 1,206,871 tons; peak 
consumption was in the same year. 


1,643,677. 


Primary aluminum output has 
soared to a six-year high in the third 
quarter of the year—the highest 
since the second quarter of 1944. 
Total output registered 371,945,743 
lb, topping the second-quarter total 
by some 3 per cent. . . . Strikes cut 
down September output to 118,898,- 
418 lb from 126,011,903 in August. 
. . . Shipment of sheet and plate dur- 
ing the third quarter was 314,239,096 
lb, a 16 per cent rise from 271,157,- 





929 lb during the first quarter. 


Record jump in magnesium 
metal output is assured by recent ac- 
tion of the Munitions Board designed 
to re-open six “stand-by” magnesium 
plants Industry estimates see 
a 400-per cent hike in magnesium 
production capacity . . . This would 
lift the present annual capacity of 
some 48 million lb to 240 million lb. 
Capacity during the last war reached 
586 million lb, but quickly contracted 
when special war needs dropped off. 


No late plastics production or con- 
sumption figures have been received 
as this is being written, but the mar- 
ket stringency in polystyrene is being 
accentuated from day to day . . . The 
situation among injection molders is 
rather critical, since many of them 
have greatly expanded their produc- 
tion capacity this year owing to a 
booming demand for polystyrene, and 
the current voluntary allocation plan 
based on 1949 purchases is proving 
entirely inadequate in terms of newly 
expanded production capacity. 


During the past summer, the mold- 
ers point out, polystyrene production 
reached approximately 23 million 
pounds per month, almost one-third 
of all plastics materials produced, 
but the total quantity allocated for 
molding purposes has been only 17 
million lb per month. 


A severe shortage is looming 
in polyethylene, basic material in 
electric wire and cable insulation .. . 
There has been persistent rumor 
that perhaps 60 per cent of all pro- 
duction will be earmarked for mili- 
tary use. First hit by such control. 
however, would be entirely non-elec- 
trical applications such as flexible 


polyethylene bottles and film for 
packaging. Consumption in_ these 


fields has increased rapidly in the 
last year. But production also has 
kept pace, polyethylene output zoom- 
ing from some 15 million lb to 55 
million lb annually in approximately 
a year. 


Record-making shipment totals 
were established by the paint and var- 
nish manufacturers in August. Indus- 
trial sales (Bureau of Census figures) 
accounted for $30,803,029 of the to- 
tal volume, topping July 1950 by 25.4 
per cent and August 1949 by 33.5 per 
cent. Lacquer sales were $11,341,266. 
up by 34.2 per cent from the previous 
month and by 47.0 per cent from a 
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Sources: 
tical data were obtained from: 
Association ; 


year ago. Current demand is still 


high. 


Paint and varnish makers are fa- 
cing some shortages in basic raw 
materials . . . Already the phenolic 
resins are becoming tight and some 
of the zinc and lead pigments are 
being affected. 


September rubber consumption 
was off—109,122 long tons against 
113,421 in August. Breakdown shows 
natural rubber vse4 totaled 60.269 
tons against 63,852 in August or a 
drop of 5.61 per cent; while synthet'c 
use aggregated 48,853 tons, off by 
1.45 per cent from 49,569. 


For the first nine months of the 
year consumption of all rubber ran 
25 per cent ahead of 1949—926.677 
tons against 737,806 . . . Tightness 
in rubber supply is beginning to 
affect the manufacturing schedules of 
rubber-insulated wire and cable ma- 
kers . . . Difficulty in obtaining suf- 
ficient supplies is being reported. 


Appliance manufacturers con- , , 


tinued to roll up record-breaking pro-”.» * sig 
radio-television field. October output 


duction totals, and it may be possible 
that a sufficient backlog of inventory 
is being developed to absorb con- 
sumer demand well until 1951, de- 
spite cutbacks caused by controls on 
basic materials. 


September household washers to- 
taled 424,043 units, or 11.2 per 
cent higher than the 381,452 ship- 
ped in August. and 18.7 per cent 
higher than the September, 1949 to- 
tal. Actually, September was the sec- 
ond highest month on record, just 
falling short of the 433,919-washer 
mark set up in September, 1948 . . . 





In addition to sources named, statis- 


The Aluminum 
American Home Laundry Manu- 


facturers’ Association; Copper Institute; The 
Edison Institute; 


Electrical Manufacturin 


For the first nine months of this year. 
sales reached 3.093.030 washers. top 
ping all of 1949 by 2 per cent. 
Ironer sales in September 
were 41,400, off by 3 per cent from 
August, but 49.5 per cent above Sep- 
tember, 1949. For the first nine 
months of this year the total was 
281,000 units, 29.5 per cent higher 
than for the equivalent period 1949. 


Automatic tumbler dryers continue 
to show a big advance in demand .. . 
Nine-months total was 215,144 units, 
or 103 per cent more than the 105.- 
727 sold for all of 1949, and 276 per 
cent more than the 57,244 units sold 
in the first nine months of last year. 


Nine-month’s score on standard- 
size household vacuum cleaners is 
2,643,901 or 26.2 per cent greater 
than the sales in the comparable peri- 
od last year . . . September sales to- 
taled 327,524 units, down by 4 per 
cent from the 341.232 sold in August. 
but up by 31 per cent from Sept -m- 


ber, 1949. 


No let-up is shown in the 


of TV receivers shot up to an all- 
time record rate, totaling 813,851 
sets or 203,462 sets weekly . . . Sep- 
tember totals were somewhat higher, 
817,157 sets, but this was for a five- 
week month, and the weekly rate was 
only 163,341 sets. 


Ten-month production totals for 
TV and all types of radio receivers 
are tabulated elsewhere; and reflect 
the continued high demand in all ca- 
tegories. Total TV set production hit 
5.777.610 sets. 


New record was set in sales of ra- 





National Machine Tool Build- 


ers’ Association; Radio-Television Manufactur- 





dio receiving tubes during Septem- 
ber. Total sales were 37,031,373 tubes 
compared with the previous record 
set in August—36,269,435. 


In the TV field, the large-size tubes 
are coralling most of the business, 
underscoring sharply the public de- 
sire for the larger-size screen . 
Some 87 per cent of the sales were in 
16-in. tube sizes or larger. September 
sales were slightly off—764,913 tubes 
against 767,051, but the value was 
up. $20,423,353 against $20,335,873. 


In the machine-tools, the NMTBA 
September index for all orders re- 
acted to 281.6 from the 305.1 high 
established in August. (The index 
refers to metal cutting types only.) 
Shipments index moved up to 101.5 
from 95.7. Ratio of unfilled orders 
to shipments is moving up; it is now 
9.8:1, as against 5.0:1 in June. 


All-industry production has 
moved up again and registered a new 
postwar record—212 per cent of 
the 1935-39 base (Federal Reserve 
Board Index). And personal income 
in September has soared to a peak 
$228.3 billion annual rate. 


Still another nation-wide index 
sales of electric energy continue to 
expand. For the week of November 
11, the sales totaled 6,574,084 kwh 
—a 21 per cent 
same period 1949, 


This then, is the industrial 
horizon as the year ends—not too 
clear in definition, and with many 
obstacles to be overcome by manu- 
facturers facing cutbacks in their ci- 
vilian products. 





increase over the 


ers Association; Rubber Manufacturers Asso- 
ciation; Society of the Plastics Industry, and 


Vacuum Cleaner Manufacturers’ Association. 
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The Tide Begins to Swing 


N INDICATION of the direction 

the accelerated program in mili- 
tary preparedness is taking is given in 
classified newspaper advertisements for 
engineering and production personnel. 
In the metropolitan New York area 
where military instrument manufacture 
is a big factor, the emphasis is on elec- 
tronic design, but this does not by any 
means limit the field to electron tube 
circuits. The principal emphasis is rather 
on control and electro-mechanical de- 
vices. 

Primary manufacturers seek, for in- 
stance, designers of servomechanisms, 
which include small motors, synchros 
and precision gear trains. Such devices 
are used for remote instrumentation as 
well as for computer mechanisms. The 
latter often involve hundreds of frac- 
tional-horsepower and miniature motors. 
To put these devices to work calls for 
electro-mechanical transducers and elec- 
tronic amplifiers and control devices. 
Guided missles call for control servos 
and telemetering systems to relay flight 
information back to the ground. Naviga- 
tional aids and detection (radar) comes 
under the heading of microwaves; their 
development is pretty well under control. 

Seeking men appears to be step No. 1. 
It can be concluded that companies who 
have carried on continuous development 
programs are getting into large scale 
production. As they reach capacity and 
designs begin to freeze, subassemblies 
and whole units will be farmed out. 
Manufacturers of related lines like elec- 
trical instruments, electronic devices and 
small motors will first begin to absorb a 












part of the load. Later the work will be 
spread more broadly. It seems inevitable 
that production of civilian goods will 
decline proportionately. 

What can engineering departments do 
now to anticipate such shifts and prepare 
themselves to undertake strange assign- 
ments? Information on complete mili- 
tary products is mostly “classified” as 
confidential or secret. But data on com- 
ponent part developments are rather 
readily available. Engineers can inform 
themselves in advance. 

A case in point is a report on “Elec- 
tronic Equipment Construction” pre- 
pared for the Office of Naval Research 
and intended for wide dissemination. It 
deals with new objectives, new com- 
ponents and new techniques. Basic ob- 
jective is greater compactness of unitized 
assemblies for conservation of space and 
ease in trouble shooting. Emphasis is 
placed on printed circuit techniques, cast 
resin embedment, hermetic sealing of 
components and assemblies and heat re- 
moval methods. 

Rapid advances have been made in 
component design and include resistors, 
capacitors, inductors, transformers, crys- 
tals and transistors, transducers, relays, 
indicating instruments, connectors, bat- 
teries, switches, motors and servome- 
chanisms, insulating materials, tubes and 
sockets. Some of these new components 
are just reaching the commercial stage. 
It is our purpose in coming issues to 
bring some of the more significant of 
these developments before our readers. 
Thus, they may swing with the tide of a 
stepped-up ‘armament program. 











ELECTRIC DRIVES with 


B. J. DALTON, Industrial Engineering Divisions, Apparatus Department, General Electric Company 


now, more than ever before, that drives with 

speed control be incorporated in industrial ma- 
chines and processing equipment whenever they will 
provide sufficient advantages over single-speed drives 
to offset their additional cost. The advantages to be 
gained from the use of an adjustable-speed drive on a 
metal working lathe, for example, have long been rec- 
ognized. The proper drive provides high torque at 
low speed to handle roughing cuts on heavy, large 
diameter stock; it also provides lighter torques at high 
speed for finishing cuts or for light cuts on small diam- 
eter or high speed stock. In this example, as with many 
other metal working machines, adjustable speed in- 
creases the flexibility of a machine, increases its produc- 
tion and reduces unit production costs as compared 
with constant speed. It is obvious that such machines 
could not be operated economically at a single speed. 

Although metal working machines have been used as 
an illustration, the advantages of speed control are by 
no means limited to the machine tool designer. For 
example, a continuous process photographic printing 
machine with means of speed control will accommodate 
a tremendously wider variation in the density of trac- 
ings or negatives than would the same machine without 
means of speed control. And the allowable variation in 
the tracing is directly proportional to the amount of 
speed range available. 

The use of drives with speed control often helps the 
machine designer provide “plus” features and may 
enable the machine to meet requirements not originally 
anticipated in the machine specifications. A wire reel- 
ing machine, for example, may be designed to run at 
1500 ft per min, but if a drive is furnished that can 
operate up to 2000 fpm and it is found by experience 
that the wire can be handled at 2000 fpm, the additional 
cost of such a drive is more than justified. Further- 
more, with the high speed ceiling, obsolescence of the en- 
tire machine is reduced. 

It is not always adequate to provide means of speed 
control alone. Refined control and regulating systems 
can often be employed to advantage to obtain the de- 
sired accuracy or coordination with other phases of the 
machine operation. Consider, for example, a rock crush- 
ing machine with a conveyor feed. To load the crush- 
ing machine to its full capacity, it is desirable to be able 
to adjust conveyor speed. The crushing machine will 
not run at its maximum capacity unless some means is 
provided to adjust the conveyor speed as the crushing 
machine load varies. The added expense of such a 
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regulating system may be justified by the increase in 
output from the crushing machine. 

The machine designer has at his disposal literally 
dozens of ways by which speed control can be obtained. 
Indeed, when the systems available by pneumatic, hy- 
draulic, mechanic, and electric means are considered, it 
is readily apparent that the selection of a drive to meet 
the requirements of a specific job is made more com- 
plex because of the availability of so many types of 
drives. Systems of speed control are available to meet 
requirements from the simple and straightforward to 
the complex and involved, and it remains for the skilled 
designer to select and apply drives which will do the 
jobs called for most effectively and at the lowest pos- 
sible overall cost. 

Electric drives with speed control are not new. 
Among the first of such systems were the d-c motor 
drives used to run the trolley cars of 1880's. H. Ward 
Leonard obtained his patent on the well-known adjust- 
able-voltage drive in 1891. The growth of early elec- 
tric power in industry brought with it d-c power sys- 
tems and d-c motors. Rheostatic control of d-c motors 
was therefore a logical growth from the earliest motor 
drives. With the advent of a-c power in factories came 
pole-changing a-c motors and wound-rotor induction 
motors with secondary resistance. Despite the early 
knowledge concerning electric drives with speed control 
and the early application of some of these drives on a 
limited scale, however, the greatest growth of such 
drives has been in the last twenty years. 


General Classifications of Electric Drives 


The American Institute of Electrical Engineers has 
classified electric motors according to the variability of 
speed. The same categories are also useful in classify- 
ing motor drives. All of the drives discussed in this 
article can be classified in the three different groups 
set up for motors in Table I. 

Multispeed drives can be considered as ones with 
speed control only in a limited sense. There are, how- 
ever, numerous applications where the use of two or 
more definite speeds is adequate. Furthermore, where 
this type of drive is suitable it usually provides an 
economical system. 

Adjustable varying-speed drives are the most difficult 
to apply because of their inherent varying speed char- 
acteristic. These drives cannot be applied indiscrimi- 
nately but must be carefully selected to match the actual 
machine load characteristics if the desired speeds are 
to be obtained. 
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In this broad survey of all types, electric 
drives are examined as to flexibility, 
Spee CO I'() range, speed regulation, type of power 


supply and relative complexity and 


eost. 


Table I—Standard Speed 
Classifications of Motors* 


Power 
supply 


Multispeed Motor 10.20.020 


A multispeed motor is one which can be oper- 
ated at any one of two or more definite speeds, 
each being practically independent of the load. 
For example, a direct-ourrent motor with two 
armature windings, or an induction motor with 
windings capable of various pole groupings. 


Adjustable 


Varying-Speed Motor 10.20.070 


Single- 
phase 


Part I deals with a-e systems. 


Table Il—Classification of Drives with Speed Control 





Adjustable- Adjustable Multispeed 
speed drives varying-speed drives drives 
D-C drives with elec- Series wound or uni- Pole- 
tronic rectifiers versal motors with changing 
rheostat control motors 


Permanent split-phase 
capacitor motor with 
autotransformer con- 
trol 


Repulsion type, brush- 
shifting motor 








An adjustable varying-speed motor is one the 
speed of which can be adjusted gradually, but 
when once adjusted for a given load will vary in 
considerable degree with change in load; such as 
a compound-wound direct-current motor ad- 
justed by field control or a slip-ring induction 
motor with rheostatic speed control. 





Adjustable-Speed Motor 10.20.040 


An adjustable-speed motor is one the speed of 
which can be varied gradually over a considerable 
range, but when once adjusted remains practi- 
cally unaffected by the load, such as a shunt 
motor with field resistance control designed for 
a considerable range of speed adjustment. 





*Group 10, Sect. 20, Rotating Machinery, American 
Standard Definitions of Electrical Terms, American 





Institute of Electrical Engineers. 


3-phase 
| A-C 


Squirrel-cage induction Pole- 


Brush-shifting motor : 
motor with voltage changing 





Magnetic slip coupling control motors 
—wWith regulator : 
Wound-rotor induction 
Adjustable frequency motor with secondary 
and multiple unit resistance control 
drives 
Adjustable-voltage d-c 
drives 
D-C drives with elec- 
tronic rectifiers 
Shunt-wound d-c mo- Compound- and series- Multiple 
tor with field control wound d-c motors voltage 
systems 


Shunt-wound d-c mo- 
tors with armature 
resistance 





Adjustable-speed drives are the most flexible and the 
most generally applicable of all electric drives with 
speed control. Since load has little effect on the drive 
speed, they can be applied with confidence even without 
full knowledge of the load characteristics. To success- 
fully apply adjustable-speed drivers it is necessary, of 
course, that the drive be adequate for the horsepower 
and speed range requirements. 

From the standpoint of the machine designer, it is 
desirable to group drives with speed control into sev- 
eral additional classes, depending on the type of power 
supply available, the type of drive motor, and the type 
of control. Table II classifies all of the drives discussed 
in this series of articles. 

The no-load or synchronous speed of any a-c motor, 
except those employing a commutator, is determined by 
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the number of stator poles and the line frequency. A 
simple formula expresses this relationship : 


60 X Line frequency in cycles per sec 


Speed in rpm = - — 
Number of pairs of poles 


Since the no-load speed of many a-c motor drives is the 
synchronous speed, it is easy to see that speed adjust- 
ment is practical only when the machines are loaded. 
Also it is evident that such drives have an adjustable 
varying-speed characteristic. The speed of d-c motors, 
on the other hand, is determined by the number of arma- 
ture winding turns, the amount of motor field flux and 
the d-c armature voltage. These quantities are readily 
controllable, and as a result all d-c motor drives with 
the exception of series-wound or highly compound- 
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Psat C OR D C POWER 
INCREASE SPEED 
—* 


SPEED SERIES 
ADJUSTING FIELD 
RHEOSTAT 


Fig. 1—Series-wound or universal motor drive with 
rheostat speed control is limited to small power. 
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Fig. 2—Typical speed-torque curves for series universal 
type a-c d-c motors with speed control by series resistance. 


wound machines have adjustable-speed characteristics. 

Regulating equipment can often be provided for ad- 
justable varying-speed drives to give these drives an 
adjustable-speed characteristic. Table II classifies each 
drive in accordance with its most common usage. 

Electric motors are very efficient machines, yet the 
power losses in both rotor and stator must be dissipated 
else the machine will overheat and damage the wind- 
ings. At rated speed the ventilating air stream carries 
away much of the heat by convection, but at low speeds 
ventilation is greatly reduced and consequently the 
losses must be radiated by the frame and windings. For 
a given motor frame size the temperature rise at rated 
load will increase as the speed is reduced. Usually this 
condition is not serious over speed ranges of about 2 
to 1, but as the speed range is increased the tempera- 
ture rise will ultimately be such that either separate 
ventilation or a larger than normal frame size must be 
provided. In small machines it is usually more eco- 
nomical to use large frame sizes, but in large ratings 
separate ventilation is less costly. 


Systems With Single-Phase A-C Drive Motors 


Single phase a-c motors suitable for speed control are 
generally available in the range from about %o hp to 
3 hp. (Some electronic type systems using d-c motors 
aiso operate from single-phase alternating current. This 
section, however, deals only with systems where the 
drive motor operates directly from single-phase power. ) 
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Fig. 3—Permanent split-phase capacitor motor drive 
with autoiransformer for adjustable varying speed. 
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Fig. 4— Speed torque curves for permanent split- 
phase capacitor motor with autotransformer control. 


Where the operating characteristics of the systems de- 
scribed in this section are suitable, these drives provide 
a low cost method of speed control. 

Adjustable varying-speed series-wound or universal 
motor is a commutator type machine provided with a 
field winding on the stator connected in series with the 
rotor armature winding through brushes and a com- 
mutator. It is similar in characteristics to a series- 
wound d-c motor. This type of motor is the only a-c 
motor drive that can also be operated on d-c power. 
When operated on d-c the performance is comparable 
with a-c operation. To obtain a continuous range of 
speed control a rheostat is connected in series with the 
motor as shown in Fig. 1. Fig. 2 shows typical speed 
torque performance curves for several values of series 
resistance. 

This type of motor is generally available in ratings 
from %» to % hp with full-load speeds of 5000 to 
10,000 rpm and with no-load speeds of 12,000 to 19,- 
000 rpm. Because of their high speed they produce a 
relatively large power output for a given weight. Start- 
ing torque of this type of motor is commonly as high 
as 300 to 400 per cent with rated voltage applied. Ap- 
plications of this type of drive are common on sewing 
machines, motion picture projectors and other ma- 
chines where the relatively limited life of the motors is 
not serious. Centrifugal governors are often used to cut 
series resistance in and out and thereby give this ar- 
rangement an adjustable-speed characteristic. 
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ZZ SPEED CONTROL 
Aa BY MOVING SHORT- 
CIRCUITING BRUSHES 


Fig. 5—Schematic arrangement of a_repulsion-type 
brush-shifting motor, an adjustable varying speed type. 
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Fig. 6—Speed-torque characteristics of a brush-shift- 


ing repulsion motor at various’ brush positions. 


Adjustable varying-speed permanent split-phase ca- 
pacitor motor is an induction motor with a squirrel cage 
rotor and a stator having two separate windings. One 
stator winding is connected directly across the line while 
the other stator winding is connected in series with a 
capacitor across the line. The two windings are spaced 
mechanically to give in effect a rotating field. Fig. 3 
shows the connections to obtain a continuous range 
speed control by means of an adjustable-ratio auto- 
transformer. Fig. 4 illustrates the speed-torque curves 
of a typical drive using autotransformer speed control. 
At any given speed the torque available is proportional 
to the square of the applied voltage. 

This type of motor is generally available in ratings 
from %o to % hp with synchronous speeds of 900, 
1200 and 1800 rpm, and in ratings up to 3% hp at 1800 
rpm. Speed range is generally limited to 2 or 3 to 1. 
Although the shape of the speed-torque curves can be 
changed materially by changing the design of the rotor, 
the economics of small motor manufacture dictates 
against special motor designs except when large quan- 
tities are involved. The principal use of this type of 
drive is for controlling the speed of fans and blowers. 

Adjustable varying-speed repulsion brush-shifting 
motor consists of a wire-wound stator and an electrically 
separate wire-wound rotor with a commutator. The 
rotor is wound in a manner similar to that of a d-c 
motor but the commutator brushes are short circuited 
and are displaced at an angle from the axis of the 
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3-PHASE ADJUSTABLE 
AUTOTRANS FORMER 






3 
PHASE 
AC HIGH SLIP 
POWER SQUIRREL 


CAGE MOTOR 


Fig. 7—Squirrel-cage motor drive with autotransformer 
speed control by varying voltage to primary winding. 
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Fig. 8—Speed torque curves for high-slip induction 
motor with autotransformer control, shown in Fig. 7. 
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stator pole. Fig. 5 shows the connections of such a 
motor. Speed control over a continuous range is ob- 
tained by moving the brushes around the commutator 
by means of a brush-shifting mechanism. The speed- 
torque characteristics, illustrated in Fig. 6, are similar 
to those of a series motor with armature-resistance 
control. This motor, however, does not have the power 
loss present in the series motor rheostat. 

This type of motor is generally available in ratings 
from % to 3 hp and with speed ranges from 600 to 
1800 rpm. Starting torques vary from 300 to 450 per 
cent of normal with the brushes in the maximum speed 
position. Reversing operation is readily obtained by 
shifting the brushes in the direction opposite to for- 
ward operation. Typical applications of these motors 
include job printing presses, winding machines and 
the like. 

Multispeed pole-changing motors are squirrel-cage in- 
duction motors with one starting winding and two run- 
ning windings designed to produce different number 
of magnetic poles. In starting, the starting and running 
windings of like number of poles are energized simulta- 
neously. As the rotor reaches a predetermined speed, 
a centrifugally actuated transfer switch disconnects the 
starting winding from the circuit and permits the motor 
to operate on the running winding selected by the speed 
control switch. 

These motors are generally available in ratings from 
¥ to % hp at 1725/1140 rpm full-load speeds. The 
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most common applications are on fans and blowers. 

Systems employing polyphase a-c induction drive 
motors obtain both the starting and running torque 
fiom the rotating magnetic field produced by the arma- 
ture winding—usually the stator. The magnetic field 
rotates at synchronous speed—that is, at a speed de- 
termined by the line frequency and the number of pairs 
of poles for which the armature is wound. The no-load 
speed of all polyphase induction motors is essentially the 
synchronous speed of the magnetic field. This char- 
acteristic makes several of the drives discussed in this 
section classify inherently as adjustable varying speed. 
Speed control is obtained in such drives by introducing 
slip losses. In small horsepower ratings and in certain 
types of drives the slip losses may not be serious, but 
in many drives and in the larger horsepower ratings 
particularly, the dissipation of heat and the higher 
power costs militate against speed control by controlling 
the slip. 

There are, however, applications where speed control 
by controlling the slip is satisfactory. In such cases a 
relatively low cost drive is often possible. The several 
drives that obtain speed control without slip losses also 
offer economical drives where applicable and have the 
added advantage of the elimination of slip losses. 

Adjustable varying-speed squirrel-cage motor drives. 
As was pointed out earlier, the torque of an induction 
motor at a given speed is proportional to the square of 
the applied voltage. Therefore, a 3-phase autotrans- 
former can be connected as shown in Fig. 7 to provide 
speed control of a squirrel-cage induction motor. A 
series rheostat can also be used for speed control. The 
speed-torque characteristic of squirrel-change induction 
motors can be modified appreciably by the design of 
the rotor. A rotor with a relatively high resistance will 
result in a high running slip at full load and full voltage 
and it will also result in a high starting torque. Fig. 8 
shows typical speed-torque curves based on voltage con- 
trol of a high-slip motor. A curve similar to Fig. 4 
can be obtained with motors having lower rotor re- 
sistance. 

Although squirrel-cage motors are available in rat- 
ings from approximately % hp up and in a wide range 
of synchronous speeds, speed control by this method is 
limited to special applications in ratings not to exceed 
1 or 2 hp. In larger ratings wound-rotor motors are 
more suitable. 

-Adjustable varying-speed wound-rotor induction mo- 
tors with secondary resistance to obtain speed control 
are the most common of all speed control systems using 
polyphase a-c driving motors. The rotors of such mo- 
tors-are wire wound and the ends of each phase wind- 
ing are brought to collector rings. When the collector 
rings are short-circuited the motor characteristics are 
similar to a squirrel-cage motor. By inserting external 
resistance in the secondary circuit in the method shown 
in Fig. 9, speed-torque characteristics shown in Fig. 10 
can be obtained. The percentage resistance figures re- 
ferred to can be defined as follows: A 100 per cent 
resistor is a resistor that will give 100 per cent torque at 
standstill. A 50 per cent resistor has an ohmic value 
one-half that of the 100 per cent resistor, while a 200 
per cent resistor has an ohmic value two times that of 
the 100 per cent resistor. 

Wound-rotor motors are available in ratings from 
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Fig. 9—Wound-rotor induction motor with secondary 
resistance control of speed, popular polyphase type. 
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Fig. 11—Schematic diagram of three-phase brush-shift- 
ing motor operated above or below synchronism. 


about % hp to thousands of horsepower. In the small 
ratings, simple plate type rheostats of either the manual 
or motor-operated type can be used for control. A 
large number of steps can be obtained by staggering 
the resistance steps in each phase with respect to the 
others. As the ratings increase, drum controllers can 
be used either directly in the secondary circuit or 
through contactor panels. In large sizes, liquid type 
rheostats are commonly used and provide continuously 
adjustable speed range. In extremely large sizes more 
involved systems are used. These large systems are 
discussed briefly later. 

Reversing can be obtained the same as in other 
polyphase induction motors by reversing two primary 
phase leads. This type of motor drive can also be used 
to provide quick stopping by connecting the stator for 
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Fig. 10—Speed-torque curves for wound-rotor induction 
motor with secondary resistance control of speed. 
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Fig. 12—Speed-torque curves for brush-shifting poly- | 
phase motor with 20-to-1 speed range, an adjustable- 
speed type in which losses are small. | 


reverse operation and inserting resistance in the rotor 
circuit. As the drive approaches a stop, power is re- 
moved by means of a plugging switch. A certain de- 
gree of overhauling load can also be handled at reduced 
speeds by connecting the stator for rotation in the 
direction opposite to the load torque and inserting the 
proper secondary resistance. Common applications of 
wound-rotor motor drives are on printing presses, fans 
and blowers of all types, winding machines, elevators, 
cranes and hoists. 

Adjustable-speed polyphase type brush-shifting mo- 
tors have been successfully used for many years. This 
type of motor, however, is more popular today in 
Europe than it is in America. It is similar to a wound- 
rotor induction motor except that the a-c power is ap- 
plied through collector rings to the primary winding 
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on the rotor, and the secondary winding is wound on 
the stator. However, a third winding called an adjust- 
ing winding is also wound on the rotor and brought 
out to a commutator the same as on a d-c motor. The 
secondary windings are connected to movable brushes 
which ride on the commutator. 

Fig. 11 shows the electrical connections for this type 
of motor. The two brush yokes designated as Y1 and 
Y2 are moved in opposite directions to obtain speed 
adjustment. With the brushes shorted by the commu- 
tator segments, as in (B), the secondary voltage is only 
that induced by normal induction motor action and 
the motor runs as a straightforward induction motor. 
As the brushes are moved apart, however, the induced 
voltage in the adjusting windings, which is at slip 
frequency, is introduced into the secondary winding, 
the induced voltage of which is also at slip frequency. 
The effect of brush movement in one direction, as in 
(C), is to increase the motor speed above synchronous 
speed. Brush movement in the other direction, as in 
(A), decreases the motor speed below synchronous 
speed. Because of the method of speed adjustment the 
losses in this type of motor are small. The speed-torque 
characteristics of this type of motor are shown in 
Fig. 12. 

These motors are available in ratings from 3 hp to 75 
hp and with speed ranges from 3 to 1 up to 20 to 1, 
with the top speeds of 2550 rpm to 3000 rpm in the 
smaller ratings and 1650 rpm to 2000 rpm in the larger 
ratings. It is generally desirable to start the motors 
with the brushes in the low-speed position. However, 
secondary resistance can be added to give low jogging 
speed with the brushes in a high-speed position. Re- 
versing can be obtained the same as in other induction 
motors. 

Applications include conveyors, extruders, cement 
kilns, printing presses and the like. 

Adjustable-speed magnetic slip coupling drives, al- 
though inherently of the adjustable varying-speed type, 
are often furnished with a speed regulator to provide 
adjustable-speed characteristics and therefore are so 
classed here. Drives with magnetic slip: couplings in- 
clude a conventional squirrel-cage induction motor and 
a magnetic coupling in which both the input and the 
output shafts rotate. One of the sections has a wind- 
ing excited from a d-c source to provide a magnetic 
field throughout the coupling units. Speed control is 
obtained by controlling the current through the d-c 
winding. This type of drive has characteristics similar 
to the wound-rotor motor with secondary resistance. 

These drives are available in ratings from about 1 hp 
to several thousand horsepower. In the air-cooled types 
and in the smaller water-cooled ratings, a wide speed 
range can be obtained. In large ratings the speed range 
is limited by the cooling problem. The primary use of 
large sizes is in fan drives. 

Adjustable-frequency and multiple-unit drives, avail- 
able in several different systems, are also used to ob- 
tain adjustable speed from an a-c motor. The simplest 
of such drives employs a squirrel-cage driving motor 
with adjustable frequency power furnished with the 
aid of other adjustable-speed drives. In this case the 
squirrel-cage motor runs at a speed proportional to the 
applied frequency. Obviously this type of drive would 


(Continued on page 180) 
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DESIGN IDEAS 


from abroad 


ook at European products 


ANY American engineers are familiar with 

the work of European electrical manufacturers 

through contacts in their own specialized 
fields. The influence of Swiss machine-tool designers 
on our own, for example, goes back for many years. 
Our textile machinery builders, to cite another example, 
have long recognized the leadership of Swiss and Brit- 
ish manufacturers and have seen their machines in- 
stalled in many American mills. 

In the electronic and communications fields, the 
achievements of such world-renowned organizations as 
Philips in Holland, or of the various research and 
manufacturing affiliates of the International Telephone 
and Telegraph Corp., are equally well known. European 
“giants” of the electrical industry, such as Brown Boveri 
Corp., rival our own big companies, Allis-Chalmers, 
General Electric and Westinghouse, in the development 
of heavy industrial machinery, special mill drives and 
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motors, generating plants and railroad equipment. 

But the average design engineer in this country, 
who has had no special contact with European prod- 
ucts, is probably unaware that the output of the Eu- 
ropean electrical manufacturing industry displays so 
wide a diversity and so broad a range of products; 
that the industry covers a great many small and 
medium-sized plants; and that the engineers in these 
plants have a complexity of day-to-day design prob- 
lems that parallel his. In short, a study of the design 
job done by European electrical manufacturers should 
be not only interesting but instructive and stimulating. 

Based on a direct survey of European electrical 
manufacturers, this discussion will therefore attempt 
to present a cross-section of European product design 
by (1) citing selected case-histories that pinpoint some 
ingenuity in operating principles, or in the selection 
and use of materials and components, or that reflect 


Yarn Singeing Machine 


All-electric Swiss yarn-singeing and 
winding machine introduces electric 
burners in place of gas. Important 
advantage: no explosion hazard. Singe- 
ing temperatures up to 2000 F are 
regulated by special small transformer 
operating on any a-c voltage from 
220 to 500; consumption per burner, 
200 watts per hr. Built-in fan system 
evacuates yarn dust. Double-sided 
construction calls for built-in vari- 
able-speed drive for each side; wind- 
ing speeds up to 2700 fpm. Motor 
sizes: 2% to 6 hp depending on num- 
ber of drums (24 to 72); pushbutton 
thermal protection for motors pro- 
vided. Separate motor operates au- 
tomatic device that lifts out a yarn- 
wound “package” when yarn breaks 
or runs out. Polished-steel grooved 
drums and through shafts. Made by 
Fr. Mettlers Sons. 
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Without conceding foreign superiority, the American 


design engineer can learn much from his overseas counter- 


parts: Survey discloses a wide diversity of electrically 


operated products, many ingenious and advanced designs, 


some basically different concepts and production techniques. 


ALEX. E. JAVITZ, Associate Editor, ELECTRICAL MANUFACTURING 


Ultrasonic Soldering Gun for Light Metals 


Ultrasonic principles are designed into 
this novel soldering gun developed by 
Mullard Electronic Products, Ltd., Lon- 
don. It consists essentially of two ele- 
ments: A removable copper soldering tip 
and a low-frequency magnetostriction 
transducer. The latter (see below, ex- 
treme right) consists of a nickel-lamina- 
tion core wound with a suitably insulated 
main excitation coil and attached to a 
high-impedance pick-up coil, which feeds 
back to the amplifier. This allows oscil- 
lations to be maintained at the natural 
frequency of the magnetostrictive ele- 
ment, regardless of temperature changes. 
Use of high-impedance coils eliminates 
need for coupling transformers. The 
soldering tip, which is heated by a con- 


Vegetable Slicer-Peeler 
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ventional resistance wind- 
ing, is secured to a brass 
block held in firm con- 
tact with the nickel core 
of the transducer. Ultra- 
sonic power is derived 
from an electronic am- 
plifier in the associated 
portable power supply 
unit. Latter operates on 
100-250 volts, 40-60 cy- 
cles; total consumption 
about 120 watt. Single 
multicore-cable conduc- 


tor serves both the heating winding of 
the gun and the transducer coils. Ultra- 
sonic-frequency range: 19.5 ke to 21 ke, 
depending on temperature and on inten- 


This electric vegetable peeler and 
cutter has been expressly designed by 
H. Glastra, Amsterdam, for use in re- 
tail food shops in Holland and other 
European countries where it is cus- 
tomary for housewives to have their 
vegetables sliced or cleaned for them 
while they wait. These design re- 
quirements were met: Trouble-free, 
simple operation; sturdy construction; 
attention-riveting appearance (note 
window showing processing). Operat- 
ing parts are V-belt driven by three 
built-in resiliently mounted motors 
(two % hp and one % hp). Power 
supply can be 125, 220 or 220/380 
volts, 50 cycles, single- or 3-phase, or 
direct current. Motor speed: 1400 
rpm. All rotating parts have double 
bearings; all switches and other con- 
trols are front-mounted. Automatic 
safety switch is actuated when cover 
of cutter unit (on top) is opened. 
Stain-resisting materials used. 





sity of magnetic field. This is well above 
normal audible range, thus assuring no 
discomfort to operator. Complete gun 
weighs 2 lb; dimensions 2x7x10 in. 

Soldering procedure is simple: tip is 
first heated to operating temperature, 
the transducer is then energized by 
switching on the amplifier, and the rapid 
vibration of the tip caused by the mag- 
netostrictive effect produced in the trans- 
ducer serves to break up the highly 
refractory oxide films that normally form 
easily on light metals such as aluminum. 
(This iron was specially developed for 
soldering aluminum and other light met- 
als and alloys.) No flux is necessary— 
an important advantage over conven- 
tional methods. Well-ventilated metal 
cover is easily removable for servicing. 
Note inherent styling in the lines of the 
housing and grip. 
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Rotary Compression Molding Press 


Completely automatic Swiss rotary 
compression molding press for plas- 
tics parts with external or internal 
screw threads or other small parts is 
ingeniously designed around a sys- 
tem of 10 hydraulic cylinders arranged 
horizontally around a motor-driven 
drum (shown at rear of machine). 
Each cylinder carries a die with a 
counter-plunger, both _ electrically 
heated, and each constitutes an in- 
dependently actuated ram with con- 
trolled pressure up to 5% ton. Drum 
carries each die successively from sta- 
tion to station. 

At the first, or loading, station the 
die receives up to 2 lb of thermo- 
setting preforms. At the second sta- 
tion, the die is placed under hydrau- 
lic pressure, forcing it against the 
counter-plunger. Curing takes place 
while die moves from second to ninth 
station. From ninth to last station, 
pressure is withdrawn, die returns to 
original position, and motor-actuated 
reciprocating lever extracts finished 
part. Working cycle: 4 to 16 sec. 
Hydraulic pump motor, 4 hp. Drum 
motor, % hp. Lever motor, % hp. 
Power: 220 or 380 volts, 50 cycles, 


} Dye Jig 


Another example of Swiss _preci- 
sion building is the Benninger auto- 
matic open-width bleaching and 
dyeing machine, or “dye jig.” Built- 
in electric motor provides adjustable 
simultaneous drive of both batching 
rollers, assuring constant cloth ten- 
sion for even dyeing. Automatic re- 
versing and stopping device includes 
passage counter. Cloth running speed 
is kept practically constant. Oscilla- 
ting expanding device provides for 
creaseless runs. Another oscillating 
device makes it possible to squeeze 
the fabric whenever desired, intensi- 
fying the chemical reaction and speed- 
ing up operation. Enclosed types have 


3-phase. Tavannes Machine Co. 


unusual or special design parameters; and (2) by re- 
porting some off-the-record comment by European en- 
gineers on their own design trends and practices. 

Special care was taken not to allow the big European 
companies to dominate the survey. If anything, a con- 
scious effort was made to subordinate their role. The 
basic objective was to reflect the work of the average- 
size company and its engineering staff—the counterparts 
of the great majority of the American electrical manu- 
facturers. The survey was limited to England, France, 
Holland, Belgium, Italy and the Scandinavian countries. 

Some broad conclusions may be drawn from the 
replies : 

1. The European product designer frequently, if 
not almost always, has to consider the special require- 
ments that apply in other European countries, and 
even in overseas markets, if he is to attain any sizable 
volume. In effect, he has to adjust his product to a 
sort of design mean that comes as close to as many 
divergent consumer preferences as possible. He also 
has special technical problems in coping with the many 
variations in commercial power-supply voltages and 
frequencies that exist not only through Europe but in 
most foreign countries; likewise he has to conform 
to a variety of local safety requirements. (1)* 

2. Strong emphasis is put on sturdy (or “robust” as 
the British put it) construction and on life expectancy. 
Domestic appliances show less glamour than ours, but 
in many instances display better built-in endurance. 
Where the selling price has to be kept at the minimum 
to meet the relatively low-income levels of the con- 


* Italic numerals in parenthesis apply to references at end of the article. 
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sumer, the sacrifice is usually in the direction of design 
frills. 

3. Appearance-wise, the trend differs from country 
to country, often reflecting national characteristics. 
The British obviously believe in strong, simple, con- 
servative lines, both in domestic and industrial equip- 
ment. Yet, there are examples of some extremely ad- 
vanced contemporary styling in such lines as radio 
receivers. Simplicity translated into utility seems to be 
the universal objective. There is a feeling that a British 
housewife buys an appliance for many years of service 
—perhaps a lifetime. In Holland—to take another ex- 
ample—there is the same emphasis on sturdy, reliable 
construction but many excellent examples of stream- 
lined design are made. In such divergent products as 
a tank-type vacuum cleaner and a transformer-type 
soldering gun, the styling can match any of our most 
recent models. 


European Influence on Styling 


On the question of appearance styling, it must be 
remembered that historically the American industrial 
designer has been at first strongly influenced by the 
contemporary design movements that originated in 
Holland, France, Sweden and pre-Nazi Germany via 
the “International” style of architecture and “modern” 
furniture, lighting fixtures and decoration. 

4. Labor costs, on the man-hour basis, are lower in 
Europe than in the United States, and this apparently, 
should offer some advantages to the engineer in his 
cost estimates. As against this factor, however, mass 
production techniques and equipment may be less ad- 
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Swiss Machine Tools 


Swiss precision machine tools have 
been imported into the United States for 
years. The Swiss jig borers (Société 
Genevoise and Hauser) are well known, 
and the Swiss single-spindle “Automatic,” 
with feed of stock through radially dis- 
placed cutting tools, was widely copied 
in this country during the last war. 
Watch-making machines are practically 
a Swiss monopoly. A newer machine, the 
Hauser jig grinder, pictured at far right, 
follows the basic Swiss jig-borer prin- 
ciple of use of accurate lead screws and 
vernier dials for coordinate hole spacing, 
in place of gage blocks and end meas- 
ures. Grinder spindle is driven by air 
turbine at speeds up to 75,000 rpm. It is 
mounted offset from center in a planetary 
quill, which is rotated to generate a 
circle and is reciprocated vertically. A 
%-hp electric motor, which is controlled 
by a foot switch, provides power for 
these motions. A separate %-hp flange- 
mounted motor powers a screw for ver- 
tical height adjustment of the head 
slide. Shielded lamps illuminate the two 
vernier dials on the handwheels for co- 
ordinate table movement. Access to elec- 
tric control panel is from inside of knee- 





Shown above is an adaptation of a 
Schaublin toolmaker’s bench lathe for 
light production work, incorporating a 
hand-operated hexagon turret and rack- 
and-pinion quick hand feed on the cut- 
off cross slide. Twelve spindle speeds 
are provided by stepped pulley and a 
three-speed, three-phase reversing motor 
rated 0.9/1.4-hp at 750/1500 rpm, located 
in back of the stand-in space. Belt is re- 
leased by treadle for shifting by hand 





and commutates poles. Motor-driven 
coolant pump is also provided. _Indi- 
cated tolerances on ,permissible errors in 
manufacture are 20 to 30 per cent 
closer than those prescribed by Prof. 





lever. 
reversal. 


hole space, where electrical components 
are protected from coolant or dust. 


vanced and production rates therefore slower. Add 
also this cost factor: The European tendency to use 
to the fullest capacity the trained skill of the veteran 
individual worker in what may almost be described 
as hand craftsmanship to turn out products of superior 
and meticulous finish and strength. 

5. High precision in manufacture and performance 
is a traditional characteristic of an important segment 
of European electrical product output. This is evidenced 
particularly in such countries as Switzerland, where 
competition with other countries on a cost basis is 
out of the question owing to these unfavorable economic 
conditions : high labor costs ; few if any native sources of 
raw materials; a “hard” domestic currency offering 
no advantage in international trade. “Precision” here 
becomes a “natural resource” of the first magnitude. 
Complete automaticity, plus form and weight factors 
become essential design objectives. 

6. In the area of components and materials, the 
European product designer has two conditions to face: 
(1) Certain materials may be scarce, or too high priced 
or both. Also, he is subject as a rule to government 
control and allocations, or to such control through 
nation-wide trade associations of the cartel or quasi- 
cartel type. He has to exercise, therefore, considerable 
ingenuity at times to accommodate alternative or substi- 
tute materials to fit the service needs of the product 
he designed. Aluminum, for example, as a replacement 
for copper for transformer windings and similar ap- 
plications, has been far more actively investigated in 
Europe than in the United States. (2) There is gen- 
erally a smaller range of commercially available com- 
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Sliding knee-yoke controls motor 
Manual switch starts motor 





Schlesinger, European authority on ma- 
chine tool design. 


ponents to select from. Moreover, Europe lags behind 
us in the commercial development of ingeniously pre- 
assembled components that greatly facilitate assembly ; 
typical is the machine screw that comes complete with 
a fitted lockwasher. On the other hand, European com- 
ponents are frequently stronger, better protected and 
better insulated. This is usually the result of safety- 
code requirements that are more rigid than ours. For 
example, the ironclad, or completely armored, safety 
switch is still common practice in English motor-control 
design. (2) Also noted, is the fact that metal housings 
for contactors, and similar units are in most instances 
made of heavier-gage steel than in this country. 


Advanced Work in Printed Circuits 


It is important to repeat that the conclusions stated 
here are broad in nature. Each could be qualified a 
half-a-dozen ways in either direction. An impression 
might have been given, for instance, that component 
developments in Europe are far behind ours. This, of 
course, is not the case. Some of the most advanced 
work in printed circuitry and miniaturization has taken 
place overseas. 

Here are a few examples cited in a recently pub- 
lished excellent review of advanced electronic construc- 
tion techniques. (3) A British company has developed 
a miniature air-trimmer capacitor 7 x %@ x ™% in. in 
dimension. Rotor plates and shaft are conventionally 
mounted but feature of design is the fact that stator 
plate is mounted to main body of capacitor only by 
one ceramic post, thereby providing, it is claimed, ex- 
tremely good stability. Insulation resistance is of the 
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order of 10° ohms. Ratings: 1-11 mmf; 1.5-21.5 mmf; 
2.0-32.0 mmf. In France, a government agency has 
developed the “Transistron,”’ a French equivalent of 
the Bell Telephone transistor, but claimed to have some 
advantages: particularly in being less subject to aging. 
In England, a government research establishment has 
reduced size and volume of power transformers in the 
ratio of 10:1 by selection of suitable materials and 
components permitting a temperature rise of 100 C 
instead of 40 C, and providing for operation at 400 
cycles instead of 60 cycles. (4) 

An ingenious “folding” printed circuit has been de- 
veloped by a British company. Basically this is an 
acid-etched process, with the circuit first printed on a 
metal foil laminated to a plastics base. By using a 
phenolic-impregnated paper or a thin silicone-impreg- 
nated glass-fabric, flexible printed circuits are obtained 
that can be folded after assembly and inserted into 
a casing, or wrapped around components, or otherwise 
used to achieve space saving. (5) 

Moving from overall conclusions, here are some per- 
tinent off-the-record comments from various European 
design engineers: 

In the household appliance line, Dutch manufactur- 
ers of vacuum cleaners raise the point that the Amer- 
ican cleaners of the same general type have excessively 
strong suction power which subjects carpets, and other 
objects being cleaned, to an unnecessary and unsuit- 
ably high degree of wear. The Dutch vacuum cleaners, 
it is pointed out are designed for only a medium 
degree of suction power but manage to maintain a 
high degree of cleaning efficiency. This is a rather in- 
teresting example of how local consumer preferences 


Baker’s Oven 


Automatic electric baker’s oven has unitized design; 
each deck unit is independently operated, has complete 
rock-wool insulation, and is adaptable to multideck in- 
stallation. Successful effort has been made to accentuate 
good appearance combined with compactness. Steel- 
armored heating elements are protected against humid- 
ity, corrosive vapors, and mechanical damage. Constant 
temperature is automatically regulated, adjustable from 
40 C to 300 C. Heating-up time, 20 C to 260 C, is 80 
min. Load per deck is 12 kw, regulated as needed. Each 
deck has switching arrangements for separate use of top- 
oven and floor-oven heating in varying proportions of 
total power supplied, thus making it possible to bake 
at two different temperatures simultaneously. Double- 
walled steel-sheet construction. Nedala, N. V., Holland. 


Ceffee Maker 
British-designed coffee percolator (Best 


Products, Ltd.) has some interesting de- 
tail in addition to its handsome class- 


and long service. (See 1, 2, 3 below.) 
Handling of the internal percolator tube 
is ingenious. A double jacket is fitted 


ical lines. The highly polished chrome 
surface and phenolic handle are common 
in the United States, but not so the use 
of heavy-gage copper throughout, includ- 
ing lid and base; a typically British 
specification with an eye to durability 


into the base to thermally insulate the 
water surrounding the immersion heat- 
ing element. Since there is but relatively 
a small amount of water to be heated, 
percolation is practically instantaneous. 
(See 4 below for “coffee box” assembly 
with double jacket in 
base.) Also novel is the 
use of a plug-in type 
heating element 6. This 
is rarely seen in this 
country but offers ad- 
vantage of easy removal 
from base to facilitate 
cleaning. It is fitted with 
a bimetallic safety device 
and two rubber sealing 
gaskets. Rating: 500 watt. 
Safety device is conven- 
tional. Toggle switch 13 
for “Percolate” also pro- 
vides for “Keep Hot” 
control at 70 C. Greater 
number of parts than in 
American percolators im- 
plies more complicated 


assembly. Other components: 5, phenolic 
baseplate with connections and bimetal- 
lic “Keep Hot” switch. 7, phenolic insu- 
lating ring and 8 rubber sealing gaskets 
between body of percolator and the base. 
9, washer for brass attachment nut. 10, 
attachment nut, body to base. 11, six-ft. 
glazed cotton-braid covered connector 
cord, with provision for grounding. 12, 
attachment screw with insulating sleeve 
for the phenolic baseplate. 14, toggle 
switch and instruction plate attachment 
nut. Percolator is for a-c service only; 
100-120, 200-220 and 230-250 volts. 
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influence a conservative approach to a product design. 
American designers would be more likely to concen- 
trate on a maximum cleaning job, on top obtainable 
suction power, and worry somewhat less about the 
life expectancy of the carpet. Incidentally, the Dutch 
designers make a strong point of sturdy motor con- 
struction, utilizing pressed steel frames and shields. 
They use fractional-horsepower motors described by 
them as “almost indestructible.” 

One British manufacturer of electric housewares such 
as electric tea-kettles, coffee jugs and such items as hair 
dryers would like a stronger trend toward styling (or 
architecture as it is sometimes termed abroad). Ameri- 
can designers, it was felt, had been doing a better job 
in this respect, particularly in getting a smooth overall 
contour on the product. “For too long, the British de- 
signer has been satisfied to put one thing on top of 
another and not working all the appendages, fittings and 
fixtures into the general architecture of the piece.” In 
other words, the British could do with more cohesive 
and integrated designs. 

Somewhat cynical is the viewpoint advanced by an- 
other British product maker. In his opinion the quality 
of British goods made for export (including export to 
the “‘States”) is definitely inferior to those made for 
the British market itself (luxury lines excepted). In 
many instances he felt the British designer has com- 
promised his standards of hard-wearing long-living 
qualities to conform to export market competition. 
Query: Is this an implied reflection on the soundness 
of American design standards? 

A rather interesting study of contrasting design ob- 

(Continued on page 184) 


Washboiler 





Electron Microscope 


Unusual appearance of this Philips electron microscope 
distinguishes it readily from other instruments. Immedi- 
ately noted is the large vertical screen (8-in. diam.) in a 
natural viewing position, claimed to offer considerable ad- 
vantages over viewing down a vertical column as in other 
types. Maximum accelerating voltage, 100 kv, is larger 
than usual, and is desirable for larger specimens. Electron 
diffraction photographs on a 4-times reduced scale are con- 
veniently obtainable by means of built-in camera using 
35-mm standard film. Compacted design results in a true 
desk-model construction, with all associated equipment 
built into the one unit. Plug-in sectionalized design permits 
easy servicing. Control panel is mounted conveniently 
in front, near the screen. Special oscillating device pro- 
vides for simple focusing, with provision for moving from 
an underfocus to an overfocus. 


The electric washboiler is an uncom- 
mon appliance in this country but finds 
considerable use abroad. Model shown 
here is a “de luxe” type made by Uni- 
versal Boilers and Engineering Company 
in England. It has been designed to 
trim, clean lines and for space economy, 
sturdiness, and safe operation. Only 16 
in. square it provides useful table height 
—30 in. overall. Nominal capacity, 10 
gal. Structural details: Hand-tinned cop- 
per inner pan is completely sealed to 
outer case and to cast-aluminum lipped 
beading on top. Inner lid (removable) 
is polished aluminum stamping. Outer 
case is of rust-proofed mild steel or 
light alloy, finished in cream-colored 
stove enamel. Table top is all-steel con- 
struction; porcelain-enamel finish. Feet 
are cast-aluminum. Heating elements: six 
500-watt mica contact type; total load- 
ing, 3 kw. Note foot-operated switches 
on lower part of boiler. For a-c service 
8-heat control is provided by the two 
15-amp, double-pole, foot-operated, pre- 
cision limit switches with safety cutout. 
For d-c operation, two 15-amp single- 
pole switches are used. Cutout is op- 
tional. Voltage ranges: 200-220; 230- 
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240 and 250, as may be specified. 

Illustrations below show thermostat cir- 
cuit-control (extreme right) and the main 
switch (at the left). Thermostat unit fits 
on stud on the boiler case and closes 
circuit to heating element in main switch 
when boiler temperature exceeds safe 
limit. The heating element in the switch 
in turn heats a bimetal trigger releasing 
the spring-loaded rocker plate to dis- 
connect switch from power supply. Cir- 
cuit is manually re-made, but switches 
will not remain in “ON” position until 
boiler temperature is reduced. Since 
flexible connections are used, the safety 
unit is not affected by any boiler vibra- 
tion or distortion. 
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Miniaturizing the 


PAVTALOM CAPACHTOR 


Small physical size and reliability promised in electrolytic capaci- 


tors using tantalum electrodes offered 


Significant advantages in 


communication equipment. Here is the story behind the develop- 


ment of a capacitor of 4 mf (at 60 volts) in less than 0.1 ecu in. 


JAMES H. HALL Product Engineer 


FRED H. BERGHORN Assistant Product Engineer 


Fansteel Metallurgical Corporation 


velopment on electrolytic capacitors, using elec- 

trodes of tantalum which our organization fur- 
nished, the Bell Telephone Laboratories concluded that 
tantalum capacitors could be used to advantage in com- 
munication systems. Because of their small physical 
size and reliability, interest was expressed in a com- 
mercial design of a tantalum capacitor to meet the fol- 
lowing performance requirements : 

Long life—a life expectancy of 30 years without fail- 
ure or important change in initial characteristics. 

Capacity—4 mf, +20 or —15 per cent at 1000 cycles. 

Voltage rating—60 volts d-c. 

Temperature operating range—O to 65 C. 

Maximum equivalent series resistance—5 ohms at 
1000 cycles. 

Maximum d-c leakage—3 microamp after 10 min 
electrification at 25 C. 

Maximum dimensions—Y, in. long and %¢ in. wide. 

Cost—established as commensurate with the applica- 
tion. 

Previous experience indicated that a tantalum capaci- 
tor might be developed to meet these requirements, 
although no tantalum capacitor of so small a size had 
ever been made before, except on a laboratory basis. 
However, the properties of tantalum which made it a 
desirable material for electrolytic capacitors were known 
and recognized for many years. Tantalum was highly 


A FTER a substantial amount of research and de- 
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resistant to chemical attack from many reagents which 
would readily destroy other metals. It formed an 
anodic oxide film of unusually high chemical and elec- 
trical stability. 

Other metals have film-forming properties too, not- 
ably aluminum. The tantalum oxide film, however, has 
a dielectric constant of approximately 11.5, whereas that 
of aluminum films is approximately 7.5. As a result, 
the tantalum oxide film gives appreciably greater capac- 
ity than an aluminum film. Foil tantalum also contrib- 
utes to gain in capacitance per unit area because the 
surface of the foil is inherently not as smooth as that 
of other metals. 

Also, with most film-forming metals, the choice of 
electrolytes is restricted to those which will not de- 
structively corrode the metal or the anodic film. Tan- 
talum, on the other hand, can be employed in many 
acid electrolytes, hydrofluoric acid being an exception. 
Sulphuric acid of storage battery quality and strength is, 
in fact, an excellent electrolyte for tantalum capacitors. 

In tantalum capacitors, as in other electrolytic capac- 
itors, capacity is a function of anode surface area in 
contact with the electrolyte. In this case, it would have 
been virtually impossible to produce a capacitor of so 
small dimensions with tantalum sheet or foil. It was 
therefore decided to use what is known as a porous tan- 
talum electrode. 

In 1936 the techniques of powder metallurgy were 
applied to produce an electrode with an effective sur- 
face area large in proportion to weight and volume. 
This electrode was made from metal powder of a spe- 
cific particle size, compacted and sintered to achieve 
the desired degree of porosity. The powder pellet was 
usually compacted around the end of a tantalum wire 
which served as connection, and the sintering operation 
welded the pellet to the wire. A number of porous tan- 
talum capacitors, C in Fig. 1, were made for use as 


ELECTRICAL MANUFACTURING 














flashback protectors for thermionic rectifier bulbs and 
the principle was applied to a surge arrester for rail- 
way signal equipment, of which thousands are in use. 

Although this experience in the production of porous 
tantalum capacitors was valuable, this particular prob- 
lem opened up some avenues which had not been previ- 
ously explored. First was the problem of miniaturiza- 
tion. No capacitor of 4 mf had ever been made com- 
mercially to dimensions as small as % in. long and %4¢& 
in. wide. The problem of making a capacitor to these 
dimensions was one of fundamental research, then de- 
sign, selection of materials, establishment of production 
procedures, and tooling. 

Almost as formidable were the specifications of serv- 
ice and shelf life, equivalent series resistance and d-c 
leakage. To attain these characteristics, not only was it 
necessary to select materials mutually inert, but they 
had to be of almost chemical purity. Processing and 
assembly had to be done under conditions of cleanli- 
ness closely approaching those of biological or phar- 
maceutical laboratories. The same impurities which 
tend to alter the stability of the electrolyte also result in 
increased series resistance, d-c leakage, or both. Cop- 
per, carbon, iron and zinc, to mention a few materials, 
could not be tolerated in contact with the electrolyte 
even in minute quantities. 

So the problem was divided into several significant 
parts which were first worked upon separately, then 
correlated. First was the development of the tantalum 
anode. Although the amount of tantalum powder re- 
quired to provide a certain capacity at a certain volt- 
age of formation is empirically known, in this case it 
had to be determined. more accurately. As a result, 
powders of certain particle sizes were first separated, 
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Fig. 1—One of the earliest 
tantalum capacitors, A, an 
800 mf for 24-volt telephone 
service, used sheet tantalum 
anodes and sulphuric acid 
electrolyte; changing from 
sheet to sintered electrodes, 
B, greatly reduced the size. 





Railway signal surge arrester, 
C, also used porous tantalum 
anodes with one connected to 
each side of the circuit and 
the third grounded. New 
polarized capacitor, D, is 


rated at 4 mf at 60 volts d-c 
and is only % in. long. 





and then blended in accurately measured proportions. 

Design of the anode involved some planning, first to 
provide the specified capacity, then to provide for a 
simple closing and sealing operation, and finally for 
simplicity and economy in production. After a number 
of trial designs, the following construction proved sat- 
isfactory : Headed tantalum wires similar in appearance 
to small nails were welded to a tantalum disk, as shown 
in Fig. 2. The disk provides a structural member 
around which the capacitor can be firmly sealed, and, 
being of tantalum, introduces no foreign materials either 
into the sintering process, the forming process, or the 
electrolyte in the finished capacitor. The blended pow- 
der is compacted around the lower wire, with the re- 
sult that the equivalent of 4.6 sq in. of tantalum surface 
is exposed to the electrolyte. The portion of the anode 
contacting the electrolyte was purposely designed some- 
what long in relation to its diameter, because with a 
shorter mean path between anode and cathode surface 
the internal resistance of the capacitor is less. 

Anode assembly, with the tantalum powder com- 
pacted on the lower wire, is sintered in high vacuum. 
This consists of heating the anode until the powder 
particles fuse to each other and to the wire, without ac- 
tually melting the metal. Since tantalum melts at about 
3000 C, sintering must be done at temperatures where 
most other metals would vaporize and condense as im- 
purities on the anode surface. It therefore was neces- 
sary to design sintering furnace fixtures of tantalum. 
The sintering time and temperature were critical also 
because of their effect on the porosity of the electrode, 
which directly affected capacity and internal resistance. 
A number of trials had to be made, but it was finally 
determined that approximately 0.3 gram of tantalum 
powder of specified particle sizes, blended in specified 
mixtures, compacted and sintered to predetermined 
schedules, would produce the desired results. 
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Like other film-forming metals, the anodic film is 
formed on tantalum by the application of a positive 
potential to the metal while immersed in an electrolyte. 
As shown in Fig. 3, capacity is a function of the volt- 
age at which the film is formed, usually selected to ex- 
ceed any peak voltage to which the capacitor may be 
exposed in service with an ample margin of safety. 
Other factors influence the anodic film, too—the time, 
voltage and temperature are all critical. Because this 
capacitor was so small a precise forming technique had 
to be worked out to hold the tolerances on capacity. 
For one thing, a chemically pure electrolyte of a pre- 
determined concentration had to be used. 

In the meantime, a container was being developed. 
Economy and simplicity dictated that the container also 
serve as the cathode. Fine silver was the cathode mate- 
rial chosen because: it is non-film-forming; does not 
react chemically with the electrolyte or the gasket mate- 
rial; has high conductivity; and is sufficiently ductile 
for deep drawing and crimping operations. A number 
of tests determined that a material thickness of 0.010 
in. provided adequate strength for sealing and optimum 
deep drawing properties. Copper or copper alloys could 
not be used because of chemical instability, and plated 
materials were not considered sufficiently dependable. 

In addition to material, the shape and dimensions of 
the container also required careful consideration. These 
had to be determined with two opposing factors in 
mind: the small size required, and the necessity of 
providing 0.13 cc of electrolyte. The electrolyte re- 
quirement, the anode design and the cathode-container 
were correlated so that a cylindrical container shown 
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Fig. 2—Steps in production 
of the tantalum capacitor: 
Top row: tantalum rivets and 
disk, before and after weld- 
ing, and after compacting 
tantalum powder and sinter- 
ing. Second row: plastics 
washer, butyl rubber gasket, 
tantalum anode assembly with 
gasket and washer in place, 
fine silver container. Third 
row: capacitor assembly sec- 
tioned, nickel and tinned cop- 
per connection leads. Bot- 
tom: complete capacitor. 
Design comprises only ten 
parts, including the label. 


in section in Fig. 4 was finally developed. 

In choosing a suitable electrolyte, the first considera- 
tion was high conductivity. Other important factors 
were stability of the electrolyte, both operating and 
when idle, and over long ranges of time and tempera- 
ture. Another important factor is a low temperature 
coefficient of conductivity to minimize characteristic 
changes of temperature. This is particularly important 
in communications circuits. 


Non-absorbent Flexible Gasket 


The gasket material presented another problem. 
First, no impurities which could dissolve into the elec- 
trolyte could be tolerated. Then, the material must be 
flexible and resilient, and must maintain its flexibility 
over a long period of years. Another aspect to the 
problem was that the material must be an almost per- 
fect insulator because of the very low d-c leakage per- 


mitted (3 microamp). And of course, the material 
had to be as non-absorbent as possible. The gasket 
material finally selected was a grade of butyl rubber 
which maintains its flexibility for long periods while 
being used in the temperature range of 0 to 65 C. It 
meets the requirements of immunity to electrolyte and 
insulating properties. 

Silver container, tantalum anode and gasket were de- 
signed for a simple crimp seal. A phenolic plastics in- 
sulating washer is placed on the tantalum disk as an 
extra precaution against short circuits during the seal- 
ing operation. By means of a pipette dispenser, a meas- 
ured amount of electrolyte is placed in the container 
which moves on to the next index position on the filling 
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Fig. 3—In porous tantalum capacitors, the 

capacity is the function of the thickness of 

the anodic dielectric film; the thinner the 
film, the greater the capacity. 


copper 


and sealing machine where the anode, gasket and 
washer assembly are inserted. The capacitor is then 
heated to 85 C before sealing. This causes maximum 
expansion of the electrolyte so that no undesired pres- 
sures will be built up when the capacitor is in operation. 
The capacitor is sealed while at this temperature, and 
when cooled a partial vacuum is created. Seals are 
inspected by re-heating the capacitor to 65 C, then 
applying a vacuum which reveals any leaks. 

Current leakage specification—3 microamp d-c maxi- 
mum—was perhaps the most difficult to attain. All 
previous work on commercial porous tantalum capac- 
itors had been done with much larger electrodes where 
small leakage currents were not of too much concern. 
To meet this specification, extremely high standards of 
purity and cleanliness had to be established for all 
materials and processes. With these stringent controls, 
d-c leakages as low as 0.1 microamp are not unusual 
at room temperature. 


Nickel Leads are Helium Welded 


Connection leads consist of an annealed nickel wire 
welded to the anode and a tinned copper wire soldered 
to the cathode. Because of the high melting point and 
lack of affinity for other materials, tantalum is not eas- 
ily bonded to other metals, yet a low resistance elec- 
trical connection was essential. Tantalum cannot be 
soldered to other metals; in fact, it can be welded only 
to itself and some other metals, and then only by care- 
fully worked out methods. In this case the tantalum elec- 
trode was welded to a nickel lead by helium welding 
technique with dependable results. 

No small part of the design and development program 
was the tooling. Relatively little data were obtainable 
from previously established powder metallurgy or elec- 
trical manufacturing methods. The necessity of guard- 
ing against accidental contamination imposed a num- 
ber of problems. For example, the punches and dies 
used in compacting the powdered tantalum for the 
anode could not be of steel because of the possibility 
of minute particles of steel contaminating the anodes. 
Carbide tools had to be used. Fixtures for sintering and 
for forming were made of tantalum. The tools for 
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Fig. 4 — Construction 
of the 
tantalum 
(1) Porous tantalum 
assembly, (2) 
fine silver container, 
(3) electrolyte, (4) 
rubber gasket, 
(5) annealed nickel 
positive 
(6) weld to tanta- 
lum anode _ assembly, 
(7) phenolic plastics 
washer, 


miniaturized 
capacitor: 


connection, 


(8) tinned 


negative con- 
nection, 


welding the headed tantalum wires to the disks pre- 
sented some problems, even though the operation ap- 
pears simple. Electrode particles clinging to the work 
cannot be tolerated. Training operators to realize the 
importance of extreme cleanliness was in itself no small 
task. 

All through the development, design, methods plan- 
ning and tooling stages, cost was a constant considera- 
tion. Use of expensive materials such as fine silver, 
reagent grade chemicals and tantalum; adherence to 
strict metallurgical, manufacturing and assembly speci- 
fications; imposition of rigid quality control and in- 
spection standards—all these combined to add to costs 
rather than lower them. To offset these inherent ex- 
penses, it was necessary to design for the utmost sim- 
plicity, and to design for mass production with auto- 
matic or semi-automatic tooling. With this accom- 
plished, it then became necessary to plan an efficient 
and economical production procedure, and to design 
and build labor-saving machines, tools and fixtures. 
For example, a semi-automatic machine was built to 
deliver a precisely measured amount of tantalum pow- 
der into a die cavity and compact it around the tan- 
talum anode stem at a controlled pressure. Another 
machine was built to fill the capacitor with electrolyte, 
heat and seal it. Other production operations were 
tooled for economy without loss of quality. Thus, by 
the saving in labor and prevention of material and 
rejection losses, inherent expenses were offset to a 
great extent and costs kept under control. 

Excluding the connection leads, the capacitor oc- 
cupies less than one-tenth of a cubic inch—in round 
figures 0.089 cubic inch. Several thousand of these 
capacitors have been produced, some of which were 
placed in service during 1950. ooo 
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TODAY'S 


Letterpress Redesigned 


Improved appearance as well as faster print- 
ing speeds and capacity for larger sheets were 
major requirements set up for redesign of this 
flat-bed press. Change in bearing design in- 
creased maximum sheet width 2 in. without 
changing space between side frames. Ribbed 
welded bed replaced a cast bed to reduce weight 
by a third and decrease inertia loads; dead- 
weight was increased by eliminating cored sec- 
tions in frame and cross braces; speed was in- 
creased from 3000 to 3500 impressions per hr. 
Appearance was improved and running noise 
reduced by styled sheet metal guards secured 
to frame by studs and brackets, and designed 
for fabrication without blanking and forming 
dies. Drive is through V-belt from 5-hp vari- 
able-speed wound-rotor motor with a magnetic 
brake for automatic quick stops. 
American Type Founders, Inc., Elizabeth 3, N. J. 
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Vacuum 
Vibrator 


for Hair 


Hand - size vac- 
uum cleaner for the 
hair is combined 
with a_ vibrator. 
Skeleton-type shad- 
ed-pole motor rated 
at 1/250 hp at 2700 
rpm drives an eccentric to provide vibration and a blower 
wheel to provide suction. Removable paper filter collects for- 
eign matter. Rubber massage unit removable for cleaning. Case 
styled by Walter Dorwin Teague in light enameled green ace- 
tate, selected for heat resistance. Hairvac, Topeka, Kan. 
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Improved Microscope 


For routine laboratory control 
service, redesigned microscope 
for examining structure and 
surface of metals has all con- 
trols placed within easy reach 
of seated operator. Four objec- 
tives are on a turret; photo- 
graphic eyepieces on a quick- 


) change slide. Magnification 
} from 50X to 1500X. Camera 
shutters and filters operable 


from seated position; standard 
double plate holders. Built into 
a steel desk with linoleum top; 
styled by J. T. Armbruster of 
company staff. Streamlined 
housing encloses arc lamp. 


American Optical Company, 
Buffalo, N. Y. 








Mimeograph Stencils Cut by Facsimile 


Copy typed, drawn or printed is placed on drum at left which 
revolves past photoelectric scanning head. When scanner sees 
black, stylus marks stencil on drum at right to reproduce copy. 
In six min produces complete stencil which may be used in 
same manner as ordinary stencil. Sharpness is comparable to 
144-line halftone screen. Machine styled by Henry Dreyfuss. 


Times Facsimile Corporation, New York 








Redesigned Garbage Disposer 


New shredding mechanism easily handles tough matter 
such as bones and fruit pits yet uses less power and oper- 
ates with less noise. Shredding mechanism supported on 
roller bearings mounted in rubber. Appliance starts when 
cold water is turned on. New model (right) is same capa- 
city as former design, but weighs 15 lb less. Styled for eye- 
appeal in white to match other kitchen appliances. 


General Electric Company, Bridgeport, Conn. 
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TODAY'S 
PRODUCT 
DESIGNS 


Magnetic Tape Recorder for Dictation 


Not a general-purpose recorder but a specially designed 
dictating machine with high fidelity and re-use of record- 
ing medium. One unit for both dictating and transcribing. 


Detachable tape magazine holds 30 min dictation; auto- 


matic back-spacer and start-stop control. 


Permoflux Corporation, Chicago 


Selected new products—designed by readers of 
ELECTRICAL MANUFACTURING —showing significant 


developments in performance and appearance. 


Fail-Safe Furnace Control Actuator 


Operating bar is moved in one direction by rack and 
pinion driven by motor, and returned by spring when 
power is removed. Bearings are porous bronze; permit 
mounting of unit in any direction. All terminals are on 
outside of case. Pulls 23 lb for 4 in. in 30 sec. 


Gleason-Avery, Inc., Auburn, N. Y. 


New Collating Machine 
Automatic and Compact 


Market survey showed need for 
machine designed to handle two 
sheet sizes, 814 x 11 and 9 x 12, 
in sets from 25 to 200, with ac- 
curacy independent of operator 
skill. To meet these requirements, 
machine uses reverse system: 
sheets are fed from a single 
feeder into a sectional drum of 
50 bins each holding 100 pages. 
Aluminum used for the drum to 
keep weight down. Feeding is 
from back of vertical stack, driv- 
en by ratchet from drum. Elec- 
trical control system stops ma- 
chine unless one sheet is fed; 
starts at fixed pocket, stops when 
every pocket is filled. 


Reproduction Products Company, 
Detroit, Mich. 
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Electrical 

Service 
Distribution 
Board 


To eliminate poor ap- 
pearance and confu- 
sion in tracing connec- 
tions when patch cords 
are used, a coordinate 
system is employed in 
this new cross-connec- 
tion board providing 
16 input services to 
each of 88 output cir- 
cuits. Panel is dead 
front; connections 
made by inserting plug 
with shorted prongs 
into connector having 
one contact each in 
horizontal and vertical 
lines, joining “hot” 
side of circuits. Plugs 
not in use are inserted 
in dummy receptacles 
(outside row). 


W. F. & John Barnes Co., 
Rockford, Ill. 





Electric Humidifier Modernized 


Preceding model of this electric humidifier stood 16 in. high; new 
model with the same performance is only 11 in. high. Redesign re- 
duced manufacturing cost, cutting former selling price of about $60 
to around $40 for the new model. Housing of new unit is two-tone 
green-gray and cream plastics. Fresh’nd-Aire Company, Chicago 






DECEMBER 1950 


2000 MPH Timing Equipment 


Based on slit-type camera technique, optical 
or non-optical events moving at 2000 mph 
and faster can be recorded and measured in a 
single optical image. Electronically timed num- 
bers automatically recorded on film measure 
time in 0.01 sec; intermediate pips at 0.001 
sec. Non-optical events converted to electrical 
pulses can be recorded along with time mark- 
ing. Film is driven by variable speed motor. 


Beckman & Whitley, Inc., San Carlos, Cal. 
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CERAMIC PARTS) 


Methods of fabrication, as well 
as mechanical and electrical 
properties, impose limitations 
on design for many ceramic 
components used in electrical 
applications. 


and electronic 





N. H. SNYDER and JOHN H. KOENIG 
School of Ceramics 
Rutgers University 


ARLIEST ceramic electrical insulators, still 
H widely used for low- and high-voltage applica- 
-—“ tions, were made from porcelain compositions 
(ASTM C-21 Tentative Standards) of the same general 
type used for centuries. These compositions met all the 
general requirements for ceramic insulation until several 
decades ago. But during recent years compositions have 
been progressively altered to meet the increasing per- 
formance requirements imposed for certain applications 
by more severe thermal and mechanical stress on the 
insulator. Entirely new compositions have been de- 
veloped to withstand extremes in climatic and other 
operating conditions, to provide low power losses in 
high-frequency applications, and with greatly improved 
properties for other specific uses. (See Table I) 

For any application no one ceramic will necessarily 
be outstanding in all respects. A number have been de- 
veloped which are outstanding in one or more proper- 
ties. Low-loss steatite, for example, while desirable 
for high frequency work has poor thermal shock resist- 
ance. Electrical porcelain, possessing better heat shock 
resistance, has a less favorable loss factor. 

Most ceramic parts will be made by one of these four 
methods of fabrication: 

1. Pressing: hydraulic, manually operated; mechan- 

ical, automatic 
. Extruding and machining 
. Injection molding 
. Casting 

A fifth method which could be listed involves grind- 
ing after firing of parts formed by any of the above 
operations. Pressed pieces and in some cases cast pieces 
are machined in the pre-fired state. 
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Forming by pressing usually requires large runs for 
economical production to bring die costs to a negligible 
level. For small production runs die costs might be 
prohibitive. Practically any piece can be pressed, almost 
without regard to size and complexity. Difficult prob- 
lems are at times introduced by hole and slot locations, 
bosses, recesses and fillets. Sharp corners must be 
avoided. Rounded corners, both inside and outside, 
greatly reduced cracks in the fired ware. Thin plates, 
with holes close to edges, long slots, high bosses and 
deep counterbores should be avoided. 

Hydraulic pressing (dry- and wet-pressing) makes 
use of hydraulic presses of various sizes and types. 
The size and type of press lends itself to production of 
particular sizes and shapes of the pieces. The pressure 
employed is dependent on the ceramic composition 
being formed. An average working pressure might be 
2000 psi; however, it is customary to vary the working 
pressure to attain uniformity. 


Hydraulic Pressing Best for Flat Plates 


In general, any type of design can be formed with 
the hydraulic press, but the best type of piece for this 
operation is a flat plate which is more easily pressed if 
it contains holes. If bosses or raised portions are re- 
quired it is desirable that they be only on one side of 
the piece. If they are required on two sides, it is 
possible to ease the working of the top bosses by hand 
filling the upper punch—not a desirable operation but 
permissible for small scale production. 

Flow of materials in the die is an important problem 
in pressing dry compositions on a hydraulic press. 
This flow is generally improved to some extent by 
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Typical examples of parts produced at General Ceramics & Steatite 


Corp., by extruding and machining unfired forms. 






Porcelain is 


abrasive; steatite machines well but is less plastic in extruding. 


lubricants (organic additives). In general, dry-pressing 
on a hydraulic press requires no de-airing and no 
lubricating of the dies. But the part should be small. 
Pieces 2 x 3 x % in. or smaller are readily fabricated 
by this method. Larger pieces generally show entrapped 
air although de-airing arrangements may be employed. 
Greater clearance between punch and case tends to 
reduce the need for de-airing. However, feather edge 
punches and additional cleaning time might be required. 

In addition it is usually cheaper to construct the 
die for a hydraulic press than one for an automatic 
press, and the hydraulic press is more suited for small 
production runs. 


Wet Pressing Gives Greater Density 


The pressing of moist ceramic compositions (wet- 
pressing, up to 15 per cent water) on the hydraulic 
press is similar to the dry pressing technique with 
some exceptions. In both dry and wet pressing all 
dimensions must be compensated for drying and firing 
shrinkage. The increased total shrinkage in wet press- 
ing requires close control of moisture content to main- 
tain required minimum variations in the finished dimen- 
sions and thus avoid high rejection losses. But more 
intricate shapes can be produced than with dry pressing. 
On the other hand, practically all wet-pressing opera- 
tions require dies with de-airing attachments, dies must 
be lubricated frequently, and the operation is slower than 
dry pressing on the hydraulic press. 

Quality of wet-pressed articles is usually character- 
ized by greater density and smoother surface. In general 
the quality is superior to dry-pressed ware but the 
operation is more costly. 
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General tolerances for unglazed surface of hydraulic- 
pressed pieces are 1 per cent of the dimensions in- 
volved, but not less than + 0.005 in., between all 
unglazed surfaces. All thickness dimensions bear a 
minimum tolerance of + 0.010 in. unless otherwise 
specified. For glazed surfaces a tolerance of 2 per cent 
of the dimension is required, but not less than + 0.012 
in. between all glazed surfaces. This tolerance applies to 
any dimension referenced to a glazed surface. On hole 
centers the standard tolerance for dimensions less than 
0.500 in. between centers is + 0.005 in. For dimen- 
sions more than 0.500 in. between centers the tolerance 
is 1 per cent of the dimension. 

Forming of shapes on hydraulic and hand presses 
is somewhat similar to automatic press methods except 
that the process is much slower. The cost of dies is 
less for hydraulic and hand presses and with few 
exceptions these presses are used for smaller produc- 
tion runs, 

Many steatite parts are formed on automatic presses 
from the dry or slightly moist materials. Small intricate 
shapes can be produced to close tolerances in large 
runs. Practically all types of bodies can be formed by 
this method, but the abrasive characteristic of the 
ceramic composition determines the life of the die. 
Normal steatite bodies will produce well over 200,000 
to 400,000 parts from a die that is properly constructed 
and operated. 

In designing parts for automatic pressing, avoid de- 
signing thin flat plates with no holes, or with blind 
holes. Avoid thin flat plates with grooves. A plate 1 in. 
x 1 in. x % in. with holes is satisfactory. As the thick- 
ness of such a plate becomes smaller, the possibility of 
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warpage and cracking increases. A boss should never 
exceed the thickness of the thinnest flat dimension of 
the plate itself. Preferably it should be equal to one- 
half the height of the flat portion. Cavities and blind 
holes should not be greater in depth than half the 
thickness of the part involved. All raised portions should 
be slightly tapered to allow for drawing from the die. 
The outside of all edges and holes should be rounded 
to simplify the cleaning process, thus decreasing costs. 
Avoid the use of small holes and slots where possible. 
Very small holes, slots, and shaped slots require special 
die construction and expensive die maintenance. 

Holes or slots at right angles to the direction of 
pressure should be avoided as this is an added slow 
machine operation. Tapped holes are not recommended 
but are not a particularly difficult. If tapped holes are 
required, it is recommended that the dimensions of the 
actual screws be followed rather than published stand- 
ards. The producer of ceramic parts must design his tap 
taking into consideration two shrinkages. This, with 
the class of fit required, makes this part of the 
process a precision operation with practically no toler- 
ances allowed on the working tools. Different lots of 
screws all differ one from another, causing no end of 
trouble. The same can be said for other metal parts. 
With the exception of tapped holes the tolerance selected 
for a ceramic dimension should coincide with the 
tolerances given a metal part. For example, a metal 
pin 0.125 + 0.002 in. should have its ceramic dimen- 
sion into which it fits given as 0.135 + 0.005 in. 
This allows for a maximum pin of 0.127 in. to enter a 
minimum hole of 0.130 in. with 0.003 in. clearance. With 
a minimum pin of 0.123 in. and a maximum hole of 
0.140 in. the clearance may be too great. If closer 
tolerances are required then the ceramic parts should be 
given 100 per cent inspection on “go and no-go” gages. 

General tolerances for automatic pressed parts are 1 
per cent of the dimension involved, but not less than 
+ 0.005 in. between all unglazed surfaces. Standard 
tolerance on thickness dimensions is + 0.010 in., unless 
otherwise specified. Special tolerances may be held to 
0.5 per cent or + 0.003 in. (whichever is greater), 
and + 0.008 in. in thickness in the direction of pressing, 
with hole diameter tolerances of + 0.003 in. 


Table I—Properties of Some Ceramic Insulating Materials 


Electrical porcelain 


Type of Ceramic 


Low 
voltage 


High 
voltage 


0-1.5 
2.4 2.4 
6,000 10,500 


Specific gravity 
Flexural strength, psi 
Tensile strength, psi 4,000 6,000 
Compressive strength, psi 35,000 50,000 
Impact strength, ft-lb/sq in. : 96 1s 
Mohs hardness 1 7.0 
Thermal expansion, x 106 (25-/00 C) 9.2 5.2 
Softening temperature, deg C | 1,400 | 1,300 
Dielectric strength, volts/mil | 2 250 
Dielectric constant at 1 mc | 6.0 
Loss factor at 1 mc 

Te Value, deg C 


| 
| 
| 
Moisture absorption, per cent | 





0-0.03 


2. Extruding and Machining is employed in forming 
tubes and solid rods. Coil forms and large cylindrical 
standoff or suspension insulators are best made by 
extruding the required diameter, cutting to length, 
threading, drilling and tapping or whatever machining 
is required. This machining is performed on the dry 
but unfired forms. The various ceramic compositions 
differ in their extrudability or machinability. For ex- 
ample, it is difficult to machine bone-dry porcelain 
because of its abrasive character. Although steatite 
bodies extrude well, there are limitations on the possible 
extruded forms, since they are much less plastic than 
porcelain bodies. 

For extruding, the shape should be symmetrical. Rods 
up to 3 in. in diameter can be produced without too 
much difficulty. Solids larger than 3 in. present prob- 
lems of strains which show up as cracks in the fired 
ware. Actually, solid bars larger than 1% in. diam. 
are better if they are formed by pressing; but pressing 
rods of any considerable length involves added costs 
due to press and mold charges, and the slow forming 
operation. 

Tubes up to 8 in. OD with a suitable wall thickness 
are permissible. Unfortunately, a limiting ratio between 
wall thickness and outside diameter is difficult to es- 
tablish as the exceptions in special cases almost elim- 
inate the validity of any rule. Tubes up to 4 in. OD 
can be fabricated with one or more small holes with 
ease. With larger holes, drifting of die pins during 
extrusion causes non-uniform wall thickness and weak 
insulation, and the finished part may crack. For larger 
sizes of tubes it is usually advisable for the wall not to 
exceed 14 in. Walls of greater thickness can be produced 
but will be more costly due to greater losses from 
cracking. Thin wall tubes are also difficult to produce 
because they fire out of shape. 

Die design affects finished extruded parts, particu- 
larly with spiders holding the pins in the die to form 
the holes. Spiders may be constructed to give two, 
three or four points of support, or a honeycomb sup- 
port may be used. As the ceramic material passes over 
the support bar and out through the die, the material 
must knit together again along a longitudinal line on 
the surface of the extruded piece. This usually shows 


High-frequency | 
insulation Cordierite 


Alumina 
Zircon | 


Steatite | porcelain | Porous 


Porous Dense Dense 
0-0.02 0-0.01 | 10-15 0 13.0 0 
2.6 oot cam 2.0 3.6 

20,000 25,000 8,000 10,500 

10,000 12,700 3,500 

85,000 90,000 40,000 dents eae 
2.0 2a 0.9 ike 1.0 
1s 8.0 7 te 9 ro 
8.9 4.5 2.8 f 6.0 8.5 
1,440 1,610 1,430 

240 240 100 tart sgt 
5.9 9,2 5.0 5.6 8.5 
0.010 0.012 0.020 0.012 0.6 

700 780 oes 700 1070 


25,000 
290,000 
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up on the fired surface as a slightly raised portion. 
In some applications this is objectionable and a honey- 
comb spider is recommended to minimize this effect. 
This is a design limitation which can be corrected only 
when the shape and dimensions are known. For high 
accuracy and high quality, parts machined from solid 
block stock formed in a rubber mold are recommended. 
Because it is an expensive process this method is used 
chiefly for model work and small production. 

Limitations on length of tubes depend on the kilns 
available. Tubes 6 ft. in length have been fabricated 
on small production, but most tubes average under 24 
in. long. Here again long slots and holes too close to the 
top and bottom of the tube should be avoided. If such 
design is necessary it is recommended that a cutting 
operation be performed after firing, using a diamond 
saw. 

Dimensions for tapped holes in pressed steatite parts 
must always be calculated using at least two shrinkage 
figures. Larger size holes are preferred, but considerable 
success has been had with sizes as small as 4—48 threads 
The length of the tapped hole should be as short as is 
possible. For example, a 6—32 tapped hole % in. deep is 
not too difficult but increasing depth to 1 in. presents 
difficulties. The quality of the tapped hole is dependent 
upon at least three variables: accuracy of machining, 
operator’s skill, and firing shrinkage. A class 3 fit 
should not be requested. Waxed screws may be used 
with a ceramic cement for tight removal fits in assembly 
work. Wherever possible, the hole should be deeper 
than the required tapped length. 

3. Injection Molding is a relatively new method of 
forming ceramics. In the injection molding of alumina 
spark plug bodies a thermoplastic resin and plasticizer 
are included with the batch, heated in the cylinder to 
plasticizing temperature and injected into cold multiple- 
capacity dies. The plasticizer and resin are driven off 
during the subsequent firing. 


Small, Simple Parts Produced Accurately 


This process lends itself to the mass production of 
accurate parts. The design should be simplified as much 
as possible. Flanges, bosses, and an excessive number 
of holes should be avoided. Small parts such as tubes 
with counterbores, right-angle fittings and bushings 
are suited to this technique. 

4. Casting methods require first forming a model of 
the piece from which a master mold is made. The “block 
and case” production molds are then prepared from the 
master mold. Manufacturing difficulties such as crack- 
ing and warping may occur if the design is complicated. 
Wall thicknesses must be adequate. Flanges, cavities, 
and recesses must be contoured to withstand the strain 
set up from shrinkage during drying and firing. Posi- 
tion of holes and slots should not weaken the strength 
of any cross-section, and liberal tolerances are needed 
to minimize final grinding operations. 

5. Grinding of fired ceramic has found increased use 
in production procedure with the demand for greater 
accuracy. Grinding of flat plates and tubes is not diffi- 
cult but is a time-consuming operation. This is also 
true for the centerless grinding of tubes and rods. 
Center grinding and the grinding of bosses, depressions, 
and slots present special problems involving tooling and 
are more costly. Breakage occurring during grinding also 
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High-voltage bushings and stand-off insulators made of 
steatite and electrical porcelain. Tapped holes and thread- 
ed bushings are both readily obtained. 


increases the cost of this operation. Grinding or lapping 
of holes for precision work is a slow process and is 
generally limited to small runs. When specifications 
call for parallel faces within close tolerances, cost is in- 
creased by special production setups. A standard toler- 
ance of + 0.001 in. may be maintained for diameter, 
lengths, widths and thicknesses, as well as flatness and 
parallelism. 


General Suggestions for Ceramic Design 


1. The general design specification (JAN) given in 
the following appendix should be followed. 

2. Normal tolerances of 1 per cent of the dimension 
involved but not less than + 0.005 are reasonable. See 
Table II. Closer tolerances are readily attained for 
small pressed parts. Glazed parts require broader toler- 
ances. Broad tolerances reduce costs, rejection rates and 
production problems. Critical dimensions should be 
clearly indicated. Where grinding is feasible tolerances 
of + 0.001 in. can be met. 

3. Design for simplicity. Do not try to incorporate 
too many possibilities of use in one part. 

4. Any variation of level or thickness generally in- 
creases tool costs. 

5. Tubes should have sufficient wall thickness. Any 
thickness under \% in. or over 34 in. generally presents 
production problems, depending on the ceramic used 
and length of tube. Extremely thin walls require special 
machining. 

6. Flat plates and surfaces subject to warpage should 
have the allowable camber given in the Appendix. Flat 
surfaces should be of reasonable thickness; any thick- 
ness under %4¢ in. is likely to cause higher rejection 
rates. In many cases it is impossible to meet these 
tolerances of flatness and camber without grinding. It 
cannot be expected that holes in such parts will be 
exactly perpendicular to ground surfaces. 

7. Holes or counterbores should not be.placed too 
close together or too close to the edge of a part since 
this leads to cracking during drying and firing. Tol- 
erances on center distance between holes should be 
+ 1 per cent or + 0,005 in., whichever is greater. 
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Tapped holes should not be smaller than 6—32 in. 

8. Parts should be dimensioned from an edge or a 
given point on a face. Holes in coil forms should be 
dimensioned from one end. 

9. Thickness tolerances should allow for die fill and 
pressure variations during the pressing operation. 

The wide variety of production techniques and close 
control on raw material and manufacturing operations 


make it possible to meet a wide range in demands for 
ceramic insulation. A number of different ceramic insu- 
lation materials are commercially available to meet the 
specific mechanical and electrical requirements of present 
applications. Design limitations for ceramic insulators, 
however, should be fully appreciated. Adherence to the 
good design principles recommended here will simplify 
production, reduce costs, and expedite deliveries. 0 0 0 


General Design Specifications (JAN) 


APPENDIX 


1. TOLERANCES ON DIMENSIONS 


A. Critical Dimensions—All critical dimensions are to be ex- 
pressed in decimals of an inch. 


1. Thickness in excess of 1 in.—For pieces having a thickness 
dimension in excess of one inch, a tolerance of not less 
than + 8 per cent is to be applied to all critical dimen- 
sions unless otherwise specified. 

. Thickness 1 in. or less—All critical dimensions, which are 
indicated as such by decimal dimensions on applicable fig- 
ures or in the contract or order, shall have tolerances as 
follows: 

. Unglazed surfaces (general)—A tolerance of + 1 per cent, 
but not less than + 0.005 in., will be permitted between 
all unglazed surfaces. Unless otherwise specified, a mini- 
mum tolerance af + 0.010 in. will be permitted on thick- 
ness dimensions. 

. Glazed surfaces (general)—A tolerance of +1 per cent 
plus 0.010 in. will be permitted between all glazed sur- 
faces. This tolerance shall apply to any dimension refer- 
enced to a glazed surface. 

. Cylindrical shapes (unglazed), outside and inside diameters 
—A tolerance of + 1 per cent, but not less than + 0.005 
in., will be permitted on all unglazed diameters. Unless 
otherwise specified, a minimum tolerance of + 0.010 in. 
will be permitted on nominal wall thickness dimensions. 


B. Non-critical Dimensions—All non-critical dimensions are to 
be expressed in fractions of an inch and are to have the same 
tolerances as critical dimensions plus 1/64 in. 


2. ELLIPTICITY OF TUBES 


Ellipticity shall be determined by dividing the maximum di- 
ameter by the minimum diameter measured in the same plane 
perpendicular to the axis. For wall thickness of 10 per cent 
or more of outside diameter this quotient shall not exceed 1.02. 
For wall thickness of 7 per cent to 10 per cent of outside 
diameter this quotient shall not exceed 1.03. 

This ellipticity tolerance is in addition to the other toler- 
ances stated in Section 1. 

EXAMPLE: A tube with a nominal outside diameter of 1 
in. (provided it has a wall of 10 per cent or more) would 
have a dimensional tolerance of +1 per cent in accordance 
with Section 1A3. The extreme case is a tube with a long 
diameter of the ellipse equal to 1.020 in. and the short diameter 
of the ellipse of 1.000 in. This conforms with the + 1 per 
cent specification in that the average diameter is 1.010 in. and 
the ellipticity less than 1.02. The extreme case on the other 
end of the tolerance would be a tube with a large diameter of 
1.000 in. and the small diameter of 0.981 in. This has an 
average diameter of about 0.990 in. and the ellipticity is also 
not in excess of 1.02, within both tolerances. 


3. TOLERANCES ON CAMBER 
For the purposes of this standard, camber is defined in per 
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cent as the ratio 100 e/L where e is the maximum perpendic- 
ular distance from the chord to the corresponding curved sur- 
face and L is a reference length measured between the sector 
extremities. The camber shown (see table) shall apply to all 
surfaces of all shapes, but a camber not exceeding 0.006 in. shall 
be allowable in all cases unless otherwise specified. Figures 
below shall be used to establish the ratios listed in the table. 


a 


REFERENCE PLANE 


Fn aameneinialivereeione 


REFERENCE PLANE } 


REFERENCE PLANE 
SQUARE OR CIRCULAR SECTION 


L = Maximum length of piece. 

a = Minimum diameter or minimum dimension in same direction as e. 

e = Maximum perpendicular distance from chord to corresponding curved 
surface. 


For flat shapes, disks, plates, and the like, these limits shall 
apply only where the thickness is equal to or greater than the 
thickness determined by one of the following formulas: 


Where the ratio of the maximum superficial dimension 
to the largest dimension at right angles to it is less 
than 5, the minimum thickness a shall be taken as 
Yo VA where A is the area in sq in. of the disk plate 
or other flat shape 

Where the same ratio is 5 or greater, the minimum 


thickness a shall be taken as % VA. 


Where the thickness is less than that determined from the 
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above formulas, the maximum permissible camber shall be 
specified on the applicable figure or in the contract or order. 


| Maximum Camber 


Tasha, lanai: te (per cent of length) to be | 











thickness* | applied to surfaces 
Unglazed | Glazed 

Less than 2 | 0.25 | 0.35 

From 2 to less than 3 | 0.30 0.40 

| From 3 to less than 5 0.35 0.45 

| From 5 to less than 8 | 0.40 0.50 

| From 8 to less than 13 0.45 0.55 

| From 13 to less than 20 0.50 | 0.60 

| From 20 to less than 30 0.55 0.65 

| From 30 to less than 40 0.60 0.70 

| From 40 to less than 50 | 0.65 0.75 
| 


| 
| *L/a as defined in diagram. 7 | 


4, TOLERANCES—GENERAL 


A. Hole Centers— Standard tolerances of + 0.005 in. for 
the dimensions between center of holes for all hole-center 
spacings less than 0.500 in. and +1 per cent of the dimen- 
sion involved for all hole-center spacings of 0.500 in. and 
greater will be permitted. 

NOTE—If pin gages are used for inspecting hole-center 
spacing, the design of the gage should be such as to meet the 
specific requirements. In using pin gages, consideration should 
be given to the tolerance between hole-centers as well as 
hole-diameter tolerance. 


B. Hole Diameters (Unglazed)—Standard tolerances of +0.005 
in. for all hole diameters up to 0.500 in. and +1 per cent of 
the diameter for all hole diameters 0.500 in. and greater will 
be permitted. Holes which are not perfect circles shall have 
the same tolerances applied to the minor axis only. 

NOTE—Holes leading from glazed surfaces shall have the 
tolerances for glazed surfaces applied except when it is speci- 
fied that glaze shall be removed from the hole, in which case 
the tolerances for unglazed surfaces shall apply. 


C. Hole Diameters (Glazed)—Standard tolerances of +0.012 
in. for all hole diameters up to 0.600 in. and +2 per cent of 
the diameter for all hole diameters 0.600 in. and greater will 
be permitted. Holes which are not perfect circles shall have 
the same tolerance applied to the minor axis only. 


D. Parallel Limits—Parallelism of surfaces will be considered 
satisfactory if the thickness measured at any point is within 
the established thickness tolerance of the piece. 


E. Pillar Insulators—Parallelism of top and bottom surfaces of 
pillar insulators shall be within 2 deg and these surfaces shall 
be perpendicular to the center axis within 2 deg. 


5. CONDITION OF SURFACES 


A. General—Standard surfaces shall not be chipped, blistered 
or pimpled to the extent that the life and usefulness of the 
insulator are impaired. Rough or irregular edges caused by 
minute chips or nicks are not considered as impairing the life 
and usefulness of the insulator unless sharp edges are specified 
on the applicable figure. The following information shall be 
used in determining the significance of all surface imperfections. 


B. Chips, Blisters and Pimples—Small bulges or lumps on the 
surface of a ceramic piece are known as blisters. The term 
does not necessarily indicate the presence of a cavity under the 
surface. 

Chipped, blistered or pimpled surfaces of insulators shall not 
result in the following conditions: 
1. Surfaces surrounding mounting holes which will not with- 
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Table II—Normal Tolerances for Ceramic Parts 





Non-critical dimensions 
designated by fractions 
0 to 12% in. +2% up to \ in. Not less 
than +)% in. 
12% in. and up +1% 








Critical dimensions 
designated by decimals 


+1% or +.005 in., 
whichever is greater 

+2% or +.012 in., 
whichever is greater 


Between unglazed surfaces 


Between glazed surfaces 








+1% or +.005 in., 
whichever is greater 


Hole centers 


Hole diameters (short di- 
ameter of oval) 


Glazed holes 


Pillars—parallelism and 
perpendicularity 2 deg 

Coil thread angle +3 deg 

Cylindricalcoils,ID,OD, 


unglazed 


+1% or +.005 in., 
whichever is greater 

+2% or +.012 in., 
whichever is greater 


+1% or +.005 in., 
whichever is greater 
+2% or +.012 in., 
whichever is greater 
+1% plus .010 in. 


Glazed, 0 to 1 in. 


Glazed, over 1 in. 


Ellipticity, ratio of major to 
minor diameter 


Wall less than 10% of OD. 1.03 
Wallmorethan 10%of OD. 1.02 
Camber Not less than 0.006 in. 





stand the stress of mounting or provide secure mounting. 
Mounting holes are defined as those holes in the insulator 
which are used as points of support for the insulator or 
for other members of an assembly. 

. Bearing surfaces which will not withstand bearing pres- 
sure or friction of associated assembly details. 

3. Surfaces of grooves or other indentations provided for 
carrying coil windings or other wiring that will not provide 
adequate support for winding or damage the wire. 

4. Sealing surfaces which will not provide sufficient support 
for materials used in sealing inserts or associated assembly 
details. 

. Glazed surfaces which are not substantially free from chips 
occurring after glazing. 

6. Blisters which might easily become open cavities. 

. Blisters which are excessively large or occur frequently on 

any surface so as to impair life and usefulness of the 
insulator. 
NOTE—It is deemed impractical to set up even general 
standards for size and quantity of chips inasmuch as either 
must be judged in conjunction with the other. Since both size 
and application of steatite parts are subject to wide varia- 
tions, it is believed that questions of size and quantity of 
chips should be considered on a common-sense basis rather 
than by any empirical formula covering “number of chips 
per square or linear inch” or “loss in volume.” 


bo 


un 


~] 


C. Surface Marks—Small discolored blemishes and color spots 
are known as surface marks. Such surface marks shall not 
result in the following conditions: 

1. Evidence of a cavity. 

2. Surface marks which occur frequently or which are exces- 
sively large so as to impair life and usefulness of the in- 
sulator. 

3. Surface marks which occur between coil-winding grooves 

(Continued on page 196) 
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What about KLECTRETS: 


How soon will they be 


LECTRET is the name given to a permanently 
E polarized dielectric, an electrical counterpart of 

the permanent magnet. Electrets, as presently 
known, can be used as the source of an electrostatic 
field, but not as the source of an electric current. 

Eguchi discovered the electret phenomenon in 1919 
while investigating the electrical conductivity of oils 
and waxes undergoing solidification. His findings were 
published in a series of papers in Japan (1, 2, 3, 4, 5)*, 
and were later summarized in a British journal. (6) 
Other investigators were slow in attempting to confirm 
Eguchi’s findings, but by now his work has been amply 
confirmed. As yet, however, a generally accepted theory 
to explain the electret phenomenon has not been ad- 
vanced. 

Raw Materials for Electrets. Eguchi used waxes, 
alone or admixed with other materials, as the dielectric. 
On the whole, other investigators have followed Eguchi 
in choice of raw materials. To be true, there have been 
announcements of electrets based on thermosetting and 
thermoplastic resins, ceramics, and glasses. No details 
have been presented, however, on the preparation and 
properties of such electrets, and in some cases it is even 
doubtful that such electrets 
have actually been prepared. 
This is particularly true 
with reference to ceramics 
and glasses. 

Preparation of Electrets. 
According to Eguchi, the 
electret is prepared by allowing the molten dielectric 
to solidify while being exposed to an electric field. (2, 6) 
The field strength should not be less than 8000 volts 
per cm (14), and there is evidence that the important 
stage in the cooling process is that comprising the point 
of solidification and somewhat beyond that point. (J, 
13, 15, 18, 27) 

It has been shown that electrets can be prepared by 
exposing a heated, but not melted, dielectric to cool- 
ing in an electric field, but such electrets carry lesser 
charges than those prepared according to Eguchi. 
(23, 33) 


Goranson and Zisman have presented a new approach 


An Electret is a_ per- 
manently polarized dielec- 
tric . . . used as a source 
of an electrostatic field, 
but not of a current. 


.” Italic numerals in poventhcnes apply to references listed in the annotated 
bibliography section that follows this general discussion. 
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workable design tools? 


to the preparation of permanently polarized dielectrics, 
in that they have shown that certain multilayers be- 
come permanently polarized when exposed to an electric 
field. (26) 

Johnson and Carr claim to have produced electrets 
based on sulfur, but state that they did not investigate 
the properties of such electrets. (13) This is in con- 
tradiction to the findings of Eguchi that sulfur cannot 
be permanently polarized. (4) 

Nadjakoff has prepared a type of electret which 
appears to be fundamentally different from that of 
Eguchi by exposing a sulfur disk simultaneously to 
illumination and to an electric field. (24) This so- 
called photoelectret appears to hold its charge, if kept 
in the dark. 

Electret Properties. A freshly made electret has a 
negative charge on the face which was in contact with 
the anode during the charging, and a positive charge 
on the other face. After a short time, however, the 
charges reverse. Gemant has coined the words hetero- 
charge (for the temporary charge) and homocharge 
(for the permanent charge). (19) The latter is perma- 
nent if the electret is kept shorted (in analogy with a 
permanent magnet) and dry. Crumrine reports a den- 
sity of the homocharge of about 6 esu (electrostatic 
units) per cm? and states that the charge is essentially 
constant for field strengths above 8000 volts per cm 
(during the charging period). (1/4) Higher values have 
been reported by Sheppard and Stranathan who also 
found that the charge was directly proportional to the 
pressure under which the electret was kept. (30) 

Heating of an electret produces a reversible decrease 
in the charge, provided the heating has been insufficient 
to soften the electret. Remelting destroys the electret 
and the magnitude of the current given off during the 
remelting is independent of the age of the electret. (20) 

The potential of the field in the air surrounding the 
electret decreases with the distance from the electret. 
For a gap of 0.5 mm, the field strength is about 25,000 
volts per cm, and about 1000 volts per cm for a 1-mm 
gap. (18, 31) 

As already mentioned, the electret must be kept dry 
in order to maintain the charge. Gemant suggests that 
water simply neutralizes the charge, since the latter is 
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There is wide and keen interest in this new and important development, 


and a great need for practical orientation, despite the substantial literature 
on the subject. Here is an outline and discussion of research and develop- 


ment to date, plus an annotated bibliography of some forty selected papers. 


ERIK R. NIELSEN 
Senior Scientist 
Armour Research Foundation 
Illinois Institute of Technology 


recovered upon drying of the electret, provided the 
electret was kept shorted during the exposure to mois- 
ture. 

Electret Theories. Adams is generally credited with 
the first attempt to formulate an electret theory. His 
theory is based on piezo- and pyroelectric effects. (9) 
It should be pointed out, however, that Eguchi already 
proposed that the electret effect was due to piezoelectric 
crystals permanently strained in an amorphous insulat- 
ing substance. (4) Crumrine has expanded on this 
theory (14), and Gross (32) and others have presented 
different theories. To date, no theory has been gen- 
erally accepted. 

Past and Future Research. Past research has been 
concerned mainly with the actual steps of preparing an 
electret, analyses to determine structure, and investiga- 
tions of a rather limited number of dielectrics, mostly 
waxes and their mixtures with rosin and_ paraffin. 
Perhaps the most significant recent research of the 
first type has been the study of dielectric absorption 
and temperature effects in carnauba wax by Gross and 
Denard. (33) They have shown that the permanency 
of the charge is due to the fact that both the charging 
and the discharging rates are temperature dependent. 

Eguchi already points out some interesting findings 
on the polarization of dielectrics. (4) Thus he found 
that rosin and Chinese wax could not be permanently 
polarized separately, but mixtures of the two materials 
showed intense polarization without decay. Beeswax 
became only weakly polarized, and the charge was of 
short duration, whereas beeswax and rosin mixtures 
showed moderately intense polarization of very long 
duration, but with definite evidence of decay. Car- 
nauba wax showed moderately intense polarization by 
itself, but when mixed with rosin showed intense 
polarization without sign of decay. 

It would appear to be very tempting to subject the 
above findings to a thorough study with the expectation 
that a much clearer picture would be obtained of the 
properties a dielectric must have in order to be useful 
for electrets. No one apparently has done this, per- 
haps because Eguchi did not discuss these findings in 
his British summary article. (6) Most people appear 
to have ignored Eguchi’s original articles, perhaps be- 
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cause they were written in a Japanese journal or be- 
cause they thought the summary was sufficient. The 
original articles are in English, however, and the jour- 
nal is readily available on library loan from the library 
of the University of Toronto, Canada. 

Once the specifications necessary for the dielectric to 
be used have been clarified better than they are today, 
it will be possible to make an intelligent selection of 
materials to study. Judging from the literature, it is 
quite possible that a close investigation of Eguchi’s 
materials will disclose that 
the optimum material should 
contain or be capable of pro- 
ducing a certain percentage 
of crystalline material dis- 
persed in an amorphous in- 
sulating body. This might 
be accomplished as done 
heretofore by the mechanical mixing of different com- 
ponents. Gemant’s limited study on the mixing of 
components of known properties could and should be 
greatly expanded on. Another and very promising ap- 
proach would be the stretching of a thermoplastic mate- 
rial to get partial orientation or crystallization. 

An interesting material to study would be nylon 
molding resins, since it would allow for a number of 
experimental variations. Thus, the degree of orientation 
could be varied not only by varying the degree of 
stress applied, but also by the choice of nylon type. 
Furthermore, the orientation of nylon in an electric 
field could be studied over a much wider range of 
temperatures than the wax mixtures presently used, be- 
cause of the high melting points of the nylons. Since 
the dielectric absorption is a function of temperature, 
nylon should be capable of producing electrets with 
charges much higher than those observed with the 
presently known electrets. In addition, nylon would 
also have the important advantages of excellent mechan- 
ical properties and very high melting point. 

The two main factors standing in the way of com- 
mercial application of electrets appear to be lack of 
strength and sensitivity to moisture. The first point 
can undoubtedly be taken care of by proper choice of 
the dielectric (nylon, for instance). The second point 
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Two factors stand in way 
of commercial application 

- lack of strength of 
the materials used in elec- 
trets and their sensitivity 
to moisture. 








has been solved in some instances by keeping the elec- 
tret in a dry atmosphere. Other means can probably 
be applied to overcome this problem. One such is the 
encasing of the electret in a plastic. (36) Another ap- 
proach would be to subject the electret surface to a 
hydrophobing treatment. 

Applications of Electrets. When further research has 
solved the problems of producing electrets with good 
mechanical properties, commercial uses will follow. 

To summarize: The basic function of an electret— 
as presently known— is to supply an electrostatic field, 
but an electret cannot be used to supply a useful 
current. These two facts must be kept in mind when 
looking for electret applications. It is, perhaps, con- 
ceivable that an electret may be developed which can 
be used as a very limited power supply in special cases. 

Some applications as suggested in the literature are 


as follows: electrometers (16, 28), microphones and 
telephones (17), electron tubes (31), electric motors, 
generators, and batteries (38), and electret crono- 
graph systems (39). The suggestion of reference (38) 
would appear to apply to electrets of a type which still 
have to be developed. According to Gutmann, the Japa- 
nese used electrets in field telephones during World 
War II. (35) 

Applications which do not appear to have been sug- 
gested, but which would appear to be natural develop- 
ments are as follows: 

Phonograph pickups; printed electrets for use in 
printed circuits as bias suppliers; detectors of radiant 
energy (photodetectors and nuclear detectors); as 
glow light sources in combination with fluorescent sys- 
tems; electret-decalcomania transfers; electrets in 
electrostatic printing; electrostatic filters; and so on. 


Annotated Bibliography 


This bibliography has been compiled to post the reader quickly on the more im- 
portant researches in the field, but no attempt has been made to make it complete. 


1. “Variation of Electrical Conductivity of Oils and 
Waxes,” M. Eguchi, Proceedings of the Physico-Mathe- 
matical Society of Japan, Series III, Vol. 1, 1919, p. 
320 (in English). 


A study of the variation of the conductivity of molten 
waxes and fats undergoing crystallization or solidification. 
While the material is still molten, the conductivity de- 
creases gradually. During the crystallization—when the 
temperature is stationary or even increases in some cases 
—the conductivity still decreases, but more slowly. When 
the material has solidified, it becomes a nearly perfect in- 
sulator. The conductivity is a function then not only of 
temperature, but also of the state of crystallization. These 
observations led Eguchi to conceive the idea of producing 
a permanently polarized dielectric by allowing a wax to 
solidify in a strong electric field. 


2. “On Dielectric Polarization,” M. Eguchi, /bid., Series 
III, Vol. 1, 1919, p. 326 (in English). 


This is the original announcement of the experimental 
technique of preparing a permanently polarized dielectric. 
It is shown that the effect is a volume effect. 


3. “On the Temporary Destruction of the Apparent 
Charges of Permanently Polarized Dielectric by X-Ray 
Exposure and Their Recoveries After the Withdrawal 
of X-Rays,” M. Eguchi, /bid., Series III, Vol. 2, 1920, 
p. 45 (in English). 

The charges of a permanently polarized dielectric, an 
“electrophorous,” are destroyed temporarily by X-rays, but 
gradually recover after the exposure. This is taken as 
further evidence of volume polarization. 


4. ‘Further Reséarches on Permanently Polarized Di- 
electric,’ M. Eguchi, /bid., Series III, Vol. 2, 1920, 
p. 169 (in English). 

Further evidence is presented to show that the polariza- 
tion of the electret is a volume effect: flaming with a 
Bunsen burner, planing with a knife, or washing of the 


98 


surfaces, reduce the charges only temporarily. Various 
materials when applied to the preparation of electrets give 
the following results: rosin, sulfur, and Chinese wax cannot 
be polarized permanently. Beeswax, Japan tallow, and mix- 
tures of Japan tallow with rosin receive a weak polariza- 
tion of short duration. Carnauba wax receives moderately 
intense polarization of moderate duration. Beeswax-rosin 
mixtures receive moderately intense polarization of very 
long duration, but with definite evidence of decay. Chinese 
Wwax-rosin mixtures, carnauba wax-rosin mixtures, and cat- 
nauba wax-beeswax-rosin mixtures, all receive intense 
polarization without sign of decay. Eguchi proposes that 
the electret effect is due to piezoelectric crystals permanently 
strained in an amorphous substance, the insulating power 
of which is considered practically infinite. Eguchi here 
proposes the name “electret” for his polarized dielectric. 


5. “Some Experimental Studies on the Nature of the 
Internal Electrical Change of the Electret,” M. Eguchi, 
Ibid., Series III, Vol. 5, 1923, p. 107 (in English). 


On the basis of the observed properties of electrets pre- 
pared in a number of different ways, it is concluded that 
the electret is composed of polarized elements (in the sense 
of Maxwell) throughout its body. It is interesting to note 
that one of the electrets was prepared with one of the 
poles of the high tension source grounded and still be- 
came permanently polarized, the same as electrets prepared 
with both poles insulated. The homocharge was fully de- 
veloped in about two months (+ 5 and — 4.9 esu per cm?). 


6. “On the Permanent Electret,” M. Eguchi, Philo- 
sophical Magazine, Vol. 49, 1925, p. 178. 


Summary presentation of Eguchi’s work on electrets. 
The electret charge is shown to be retained at least three 
years. Unless the surfaces of the electret are covered (with 
tin foil), the free charge decays due to accumulation of dust 
which acts as a grounded conductor. Covering the decayed 
electret with tin foil causes the charge to build up again, 
but usually to a lesser intensity, depending on how long 
the electret was left bare. Although Eguchi recognizes that 
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the application of water to the surface of an electret de- 
stroys the charge temporarily, he is apparently unaware 
that air of high humidity is sufficient to do that. 


7. “The Permanent Polarization of Solid Dielectrics,” 
S. Mikola, Zeitschrift fiir Physik, Vol. 32, 1925, p. 476. 


Solid dielectrics when subjected to an electric field prac- 
tically always undergo both surface and volume polariza- 
tion. Ionized dielectrics (plate glass and paraffin) lose 
both types of charges within 10 to 30 min, but non-ionized 
dielectrics (ebonite, sulfur, and rosin) retain the surface 
polarization for several months. 


8. “Some Phenomena Relating to the Electrification of 
Dielectrics—Additional Note on the Microscopic Struc- 
ture of Electret,” K. Nakata, Proceedings Physico- 
Mathematical Society of Japan, Series III, Vol. 9, 
1927, p. 179 (in English). 


When a copper or aluminum plate is removed from a 
carnauba wax surface, the latter receives a positive charge 
(10 esu per cm?). Rosin treated in the same manner be- 
comes negatively charged (— 0.467 esu per cm”). For 
mixtures of carnauba wax and rosin, the charge decreases 
with increasing rosin content and becomes zero for a rosin 
content of 43 per cent. For still higher rosin contents, a 
negative charge develops with a maximum of — 7 esu per 
cm? for 60 per cent rosin. At 70 per cent rosin, the charge 
becomes stationary at — 0.467 esu per cm?. 

It is concluded that the charges that develop in a car- 
nauba wax-rosin mixture are due, in part, to a dispropor- 
tioning effect while exposing the molten mixture to an 
electric field; the positive side becoming richer in carnauba 
wax, and the negative side in rosin. Thin sections of an 
electret when examined under the microscope show a reg- 
ular orientation of microcrystalline structure in the direc- 
tion of the electric field applied during the preparation of 
the electret. An attempt to demonstrate a piezoelectric 
effect in an electret was unsuccessful, but Nakata states 
that the pressure employed was much smaller than the 
stresses set up during the solidification of the electret. 





Both Pyroelectric and Piezoelectric Effects 


9. “On Electrets,” E. P. Adams, Journal of the Frank- 
lin Institute, Vol. 204, 1927, p. 469. 


Evidence is presented to show that electrets decay with 
time. This decay is taken to explain the free charge of the 
electret. The decay is too slow to be observed at room 
temperature, but the decay of the polarization increases 
very rapidly with increases in temperature, and is almost 
completely destroyed already at temperatures insufficient 
to appreciably soften the electret. On the basis of experi- 
ments with electrets of cylindrical shape, it is concluded 
that electrets exhibit both pyroelectric and piezoelectric 
effects. 


10. “X-Ray Study of the Structure of Electrets,” 
M. Ewing, Physical Review, Vol. 36, 1930, p. 378. 


An electret prepared from a mixture of carnauba wax, 
beeswax, and rosin, was found to be anisotropic, as re- 
gards scattering of X-rays. 


11. “Orientation of Hydrocarbon Crystals by an Elec- 
tric Field,” R. D. Bennett, Jbid., Vol. 37, 1931, p. 103. 


Bennett has checked Ewing’s X-ray work. Paraffin shows 
similar anisotropy when crystallized in an electric field. 
The latter aligns the crystals with the hydrocarbon chains 
perpendicular to the field. 


12. “X-Ray Studies of Motions of Molecules in Dielec- 
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trics under Electric Stress,’ R. D. Bennett, Journal of 
the Franklin Institute, Vol. 211, 1931, p. 481. 


Paraffin when solidified under electric stress, is shown 
to have an oriented structure. 


13. “Some Experiments on Electrets,” O. J. Johnson 
and P. H. Carr, Physical Review, Vol. 42, 1932, p. 912. 


Electrets were prepared according to Eguchi in electric 
fields as small as a few hundred volts per cm. A series of 
experiments were made in which the electric field was ap- 
plied to the molten wax mixture, but in which the field 
was removed from each successive sample when it had 
cooled to a lower temperature than that at which the field 
was removed from the preceding sample. It is concluded 
that the molecules become fixed in their polarized position 
at a temperature definitely lower than the solidification 
temperature of the wax mixture. Electrets based on sulfur 
were also prepared, but their properties were not in- 
vestigated. 


Permanent Strain Hypothesis 


14, “Variation of Electret Charge with Electric Field 
Intensity and Time,” K. C. Crumrine, Master’s Thesis, 
University of Kansas, 1933. 


Electrets prepared from equal parts of carnauba wax 
and rosin show a relatively small frictional charge when 
metal foils are peeled off the surface. An electret suffers a 5 
per cent reduction in the surface charge in 45 min, when 
exposed to air. The true electret charge after 70 days (about 
6 esu per cm?) is essentially constant for field strengths 
above 8000 volts per cm. The Eguchi hypothesis explains 
the permanent polarization of the dielectric as being due 
to piezoelectric crystals polarized by a permanent strain 
exterted by the surrounding binder. This hypothesis does 
not, however, account for the observed signs of the charges. 
To account for the latter, Crumrine assumes that the strain 
development continues for several weeks after the prepara- 
tion of the electret. 


15. “Space-Charge Measurements in Beeswax During 
the Solidification and in the Solid State,” P. Jaeger, An- 
nalen der Physick, Series V, Vol. 21, 1934-5, p. 481. 


The title is misleading, since the measurements were all 
made after the charged beeswax had solidified. Beeswax 
was charged in the molten state, right after solidification, 
and at room temperature. The charged samples were cut 
into layers which were measured individually. The sum of 
the layer charges agreed fairly well with the total charge 
measured before cutting. Beeswax charged in the liquid 
state showed rather large space charges and total charge. 
Beeswax charged at the point of solidification showed a 
difference in charges with the direction of the applied 
field. No such differences were observed in case of bees- 
wax charged in the solid state at room temperature. 


16. “On Electret,”” H. Numakura, Journal of the Elec- 
trochemical Association of Japan, Vol. 3, No. 1, 1935, 
p. 3 (abstract in English). 


When electrets were cut into several portions with sur- 
faces perpendicular to the direction of the electric field 
applied for the preparation, both surfaces of each portion 
had different charges. 


” 


17. “Improvements in or Relating to Electrometers, 
A. Gemant, British Patent No. 435,950, October 2, 
1935. 


Utilization of electret bodies for providing auxiliary 
(Continued on page 168) 







99 








Performance of 


magnetic devices 


usedi n a-¢ control circuits 


MARK MORGAN 
Electrical Engineer 
Worcester, Mass. 


frequently involves magnetic devices like motor 

starters, contactors, relays and solenoids that 
have coils operated at reduced line voltage. Particu- 
larly where the equipment is shipped abroad, problems 
of unusual voltages and frequencies arise that affect 
magnetic coil ratings. And in any event there is always 
the problem of voltage regulation to be faced. In this 
country industrial control is designed on the basis of 
safe operation at +10 per cent and —15 per cent of 
rated voltage in line with tolerable limits of fluctuation 
in line voltages. Control transformer regulation under 
variable loads is an additional factor. 

Nominal voltages for polyphase motor and control 
equipment are 110, 220 and 440 volts. Nominal elec- 
trical distribution system voltages (EEI-NEMA) are 
120, 240 and 480 volts. “Favorable” zones of voltages 
at point of utilization are correspondingly 110-125, 
210-240 and 420-480 volts. Corresponding “‘tolerable” 
zones are 107-127, 200-250 and 400-500 volts. (From 
“Preferred Voltage Ratings for A-C Systems and 
Equipment”, NEMA Pub. No. 17, May 1949.) 

Improper selection or application of magnetic coils, 
presumably well designed and manufactured, will lead 
to failure or faulty performance. The application engi- 
neer can avoid these pitfalls with a little theoretical 
knowledge about how magnetic devices operate in rela- 
tion to electrical and mechanical variables like voltage, 
frequency, stroke and force. For this purpose a review 
is attempted here of the principles and fundamentals 
involved. 

A laminated steel structure and a magnetizing coil 
are the basic operating elements for these a-c control 
devices. The former (or magnet) consists of a sta- 
tionary and a movable armature, and the coil is located 
around a section of the magnet (stationary or movable, 
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or both) in any of a variety of geometrical patterns. 
Gravity, springs or both establish an air gap, or stroke 
relationship, between the faces of stationary and mov- 
able armatures whenever the coil is de-energized and 
the device is at rest. 

If an alternating voltage V is applied to the terminals 
of a coil of N turns a current J flows through it and 
induces a magnetomotive force mmf in the magnetic 
structure and across its air gap. This force seals the 
two armatures together, overcoming action of gravity 
or springs. In case of starters and relays, the movable 
armature is mechanically connected to electrical con- 
tacts, and in the case of solenoids it is linked to a ma- 
chine member, like a valve. In both instances, energy 


“current 
Rated stroke 


Stroke, in. 


Pull, lb and Current,amp 


Fig. 1—Simplified representation of pull/stroke and 
ampere/stroke curves for solenoids, resistance neglected. 
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To exploit fully the characteristics of a-c magnetic devices such as 
starters, contactors and solenoids used in industrial machinery control, 
it is necessary to understand their performance in relation to electri- 
cal and mechanical variables, like voltage, frequency, stroke and force. 





Problems this article attempts to answer 


i 


An industrial machine is equipped 
with a number of relays and other 
magnetic devices equipped with coils 
wound for 110 volts, 60 cycles. 

Can they be used at 110 volts, 50 
cycles? 

Why is the answer “no” in the great 
majority of cases? 

Is there not an easier way out than 
substituting new coils wound for 110 
volts, 50 cycles? 

Why is a control circuit transformer 
with a 92-volt tap often the easiest 
and best solution to the problem? 


2 


One of three makes of the appar- 


ently identical contactors is to be 
chosen for a machine application re- 
quiring several operations a minute. 
For one the ratio of inrush to sealed 
current is 6, for another it is 12 and 
for the third make, the information 
is withheld by the manufacturer. Is 
it safe to disregard the value of this 
ratio in the selection of contactors? 
Does this hold true if the duty is 
continuous? 


3 


A solenoid employed in an experi- 
mental machine is overheating. The 
unit is Oversized and used on inter- 
mittent duty. Evidently the current 
must be lowered in order to reduce 


the temperature rise. 


Are mechanical or electrical rem- 
edies indicated, or is it necessary to 
limit the frequency of operation? Or 
is a different solenoid desirable? 

Since the effect of the inrush cur- 
rent is likely to prevail, a different 
mechanical linkage entailing a smaller 
stroke appears a good solution. How 
will the current vary for a reduced 
stroke? Is it necessary to investigate 
the manufacturer's ampere-stroke 
curve? A reduction in supply volt- 
age, easily obtainable in experimental 
jobs, would reduce both the inrush 
and holding current. But is this an 
equally acceptable solution generally? 
What happens to the holding force? 


is transformed from electric into magnetic and then 
into mechanical form. The magnetomotive force is 
mmf = KNI |b (1) 
wherein K is an appropriate constant. 
By Ohms Law, the current is expressed as 
V 
I = — amp (2) 
Z 
where Z is the impedance, namely the vectorial sum of 
reactance X and of resistance R of the coil. The nu- 
merical value of impedance in ohms is expressed by 
Zz = VK* + 2° (3) 
Hence (1) can be written 
V 
mmf = K —-———— lb (4) 
VR? + X?- 
In (3) R can be neglected if it is small compared to X, 
and if extreme accuracy is not required. For practical 
purposes, this is generally true in the case of magnetic 
coils used in industrial control where the phase angle 
or power factor is as low as 20 per cent. Illustrative 
examples will be shown later to support the statement. 
Therefore, for the first approximation, relation (4) can 
be substituted by 
KV 
mmf = —— (5) 
x 
Since reactance X is equal to 2rfL, wherein L is the 
self-inductance of the coil expressed in henrys, rela- 
tion (5) then becomes 
K'V 
mmf = — (6) 
fL 
For a given coil and a specific value of air gap the self- 
inductance L is a fixed constant, related to the physical 
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and geometrical characteristics of the coil and of its 
magnetic structure. Consequently, it can be stated that 


K"V 
mmf = —— lb (7) 
f 


Relation (7) is a basic working formula of con- 
siderable practical value in the selection and application 
of magnetic coils in industrial control devices. It in- 
dicates that the pull developed by a magnet at any par- 
ticular air gap between maximum and minimum is 
proportional to the voltage applied, inversely propor- 
tional to the frequency, and does not vary if the ratio 
of voltage to frequency is held constant. 

In any given practical application, voltage and fre- 
quency remain constant. Therefore it can be deducted 
from relation (6) that mmf is inversely proportional to 
L. With a solenoid, self-inductance L is not constant 
but a variable function of the size of air gap (stroke) 
which, unlike contactor magnets, is under the option 
of the application engineer. Self-inductance is approxi- 
mately inversely proportional to stroke. The values of 
mmf (pull) for varying values of stroke are usually 
plotted in a system of rectangular co-ordinates and the 
curves are of the type shown in Figs. 1 and 7. 

Again from relation (6), if the voltage is varied from 
the nominal value used in Fig. 1, a family .of curves can 
be drawn, centered around the 100 per cent voltage 
curve. Values at 85 per cent and 110 per cent voltage 
have been selected and plotted also because these are 
the values of rated voltage established by NEMA as 
the standard operating range for magnetic devices in 
industrial control. (1)* In other words, if P is the 
force developed at rated (nameplate) stroke and rated 
voltage, a given solenoid must be so designed and ap- 


* Italic numerals in parenthesis identify references at end of text. 
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Fig. 2—Size 1, four-pole contactor (Square D) operated 
by solenoid type magnet shown at left. Electrical char- 
acteristics of coils of this type are averaged in Table I 


for two different makes and five NEMA sizes. 


plied as to operate successfully if the voltage drops 15 
per cent (P,) or is raised 10 per cent (P,). 

These considerations concern both the application and 
the design engineer. The former will select solenoids 
based on the force developed at a voltage not higher 
than 85 per cent nominal. The latter will incorporate 
cushioning or mechanical protection to prevent impact 
and shock developed at a voltage 10 per cent in excess 
of nominal from impairing the solenoid. (2) 

In equation (2), due to the varying value of im- 
pedance Z for different values of air gap the current in 
the coil varies also, regardless of the fact that the volt- 
age is held constant. Two points of an ampere/stroke 
curve are of fundamental importance: the sealed current 
(point M in Fig. 1) or the current at zero stroke which 
is the minimum value, and the current at rated or full 
stroke defined as the inrush current (point NV) which is 
the maximum value. (3) It may be well to repeat here 
that the above considerations can be safely made only 
when the ratio Z/R is large enough to justify neglecting 
R in relation (3). 

As the physical size of the magnetic devices increases, 
the error introduced by substituting reactance for im- 
pedance is smaller. To prove this point reference is 
made to Table I which gives average values of the 
characteristics of magnetic coils of solenoid type, Fig. 2, 
used in starters or contactors. The figures of this table 
are the result of tests made by the author on devices 
made by two leading manufacturers of industrial con- 
trol. They should not be used as basis for calculations 
because coils characteristics vary from one manufac- 
turer to the other, and it is 
necessary to secure the exact 
data of each coil if results 
of a calculation are to be de- 
pendable. But Table I is 
useful to illustrate the points 
under discussion and as an 
indication of the order of 


NEMA Rating 


(Mean Values at 110 Volt, 60 Cycles) 


Fig. 5—Elementary wiring diagram of control transformer 

with multitap primary shown wired for 220 volts, 60 cycles. 

When frequency is 50 cycles, control circuit is connected 
to 92-volt tap X2 provided for this purpose. 


very large coil has a sealed reactance so much greater 
than its resistance, that the latter can be safely disre- 
garded. For small coils, on the contrary, reactance and 
resistance tend to approach each other in values. For 
very small coils, such as used in some control relays, 
the value of resistance can only be overlooked provided 
there is enough margin to prevent overheating or mag- 
netic drop-out. It can also be observed that the ratio 
“Inrush current” to “Sealed current” is about constant 
independently of size, and equal to around five or six. 
This is generally true for magnets in solenoid construc- 
tion. An analysis of C- or E-type magnets would dis- 
close a higher value for the inrush-to-sealed ratio, about 
10 and 15 respectively, but also about constant regard- 
less of size. (4) 

Relation (7) indicates that for a given coil and a 
fixed stroke, the magnetomotive force does not vary if 
the voltage and frequency applied to it are altered in 
the same proportion. This fact has great practical value 
to machinery manufacturers serving both the domestic 
and export market because it makes it possible to em- 
ploy a given coil at more than one voltage and fre- 
quency, resulting in a desirable simplification in the 
stocking of coils and in the assembly of electric con- 
trols. Following is a tabulation of voltage-frequency 
relationships suitable to coil interchange : 

Voltage _ 550, 440 220 


Frequency 60° 50° 
Voltage 220 190 


Frequency ~ 60° 50° 


Table I—Coil Characteristics for Magnetic Control Devices of 


Solenoid Type 





Size Size Size 


Size 
00 0 3 





the quantities commonly in- 
volved. 

If reference is made to 
ratio of impedance to resist- 
ance (Z/R) it appears that 
its value increases proceed- 
ing from size 00 to size 3 
starter. In other words, a 
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Sealed power, va 

Inrush power, va 
Sealed current, amp 186 
Inrush current, amp 865 
Ratio inrush/sealed current... .... 4.65 
Impedance, sealed (Z) ohms....... 590 
Resistance at 75 F(R) ohms...... 56.5 


4 


4 


26 


0.2% 
1.2 


- 


De 
465 


42 


11 


160 
950 
1.45 
8.65 
5.96 
76 
1.3 


58 
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Fig. 3—Transformer for ma- 
chine tool application rated 
at 0.500 kva, 50/60 cycle 
for 208-220-380-400-416-440- 
500-550 line voltage and 110- 
92 volt secondary. This Gen- 
eral Electric unit has built-in 
circuit breaker and terminal 
board. Fig. 4—Westinghouse 
transformer for machine tool 
control—1 kva 220/440 volt, 
primary, 110 volt secondary, 
with built-in circuit breaker. 
Core and coil assembly with 
Hipersil spiral-wound core. 
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Fig. 3 
Voltage 440 380 
Frequency 60’ 50 
Voltage 220 110 
Frequency 50’ 25 
Voltage_ 110 92 
Frequency 60’ 50 


All of these related ratios are of practical value be- 
cause: (a) 25-cycle frequency prevails in Canada, (b) 
190 volts at 50 cycles is employed in Europe (France, 
Belgium, etc.) and in North Africa, (c) 160 volts at 
42 cycles is used in Italy, and (d) 380 volts at 50 cycles 
is popular in Europe (Germany, Holland, Switzerland, 
Belgium, etc.), in South America and in China and 
India. (5) 

A voltage of 92 volts at 50 cycles is not to be found 
in any geographical location. Nevertheless, the relation 

92 
between —— and — is the one more widely exploited 
60 50 
in industry today, since 50-cycle frequency is un- 
doubtedly the most common outside the North Amer- 
ican Continent. The gap between 110 and 92 volts is 
relatively small so that it is practical to wind trans- 
formers for machine control circuits with two second- 
ary taps, at 110 and 92 volts. The primary of these 
transformers (known as “universal”), Figs. 3 and 4, 
have several taps for the more common industrial volt- 
ages at either 60 or 50 cycles. Machinery manufactur- 
ers are thus enabled to standardize on 110-volt, 60-cycle 
control coils for machines for both domestic and for- 
eign (50 cycle) use. The change-over from one fre- 
quency to the other is rapidly accomplished by just 
reconnecting the control circuit to the 92-volt tap. The 
scheme is represented in Fig. 5. 

Analysis of relations (2) and (7) explains behavior 
of magnetic coils for independent variations of voltage 
or frequency, and leads to observations of practical 
value. The magnetomotive force (namely the force 
holding the stationary and the movable armature sealed 
together) increases with the voltage but since the cur- 
rent also increases with the voltage, a coil is subject 
to burn-out when the increase in voltage is in excess 
of 10 per cent of rated value. Identical results will be 
encountered if the frequency is lowered. Should the 
voltage be decreased to 85 per cent of rated value (or 
the frequency increased a like amount), the mmf may 
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Fig. 4 


drop under the minimum needed to hold the armatures 
together, resulting in magnet drop-out. (6) 

As the ratio 50/60 is equal to 83.3 per cent a coil 
wound for 60 cycles may fail if used on 50 cycles. Ac- 
cordingly most controller manufacturers wind coils dif- 
ferently for 60 and for 50 cycles. Otherwise coils are 
wound for a frequency about half way between 60 and 
50 cycle so that they may be used at either value. How- 
ever, the operating tolerances do not always apply in 
full to dual frequency coils. A 60/50 cycle coil will not 
necessarily operate successfully at 50 cycles when the 
voltage is raised 10 per cent or at 60 cycles when the 
voltage is lowered 15 per cent. If fluctuations in volt- 
age are to be expected, even within the rated tolerances, 
single-wound coils are to be preferred. Unfortunately, 
too, the suppliers of control apparatus are not consist- 
ent nor specific in their commercial publications in dis- 
tinguishing between 60/50 vs “60 or 50” cycle coil 
designations, often leading to misinterpretation. 


Supporting Test Data 


Additional test data are given here as a supplement 
to the information of Table I in reference to 60/50 
cycle operation : 

(1) Solenoid rated at 4.5 lb pull, with coil wound 

for 110 volts, 60 cycles 

Resistance at 70 F, 11.0 ohms 

Current when energized at 114 volt, 60 cycles, 

zero stroke, measures 0.55 amp 

Calculated impedance = 114/0.55 = 208 ohms 

Ratio of impedance/resistance = 208/11 = 19 
(2) Clutch coil for synchronous timer motor wound 

for 220 volts, 60 cycles 

Resistance at 70 F, 440 ohms 

Current when energized at 217 volt, 60 cycles, 

zero stroke, measures 0.05 amp 

Calculated impedance = 217/0.05 = 4350 ohms 

Ratio of impedance/resistance = 4350/440 = 9.9 

It is apparent that the impedance of the solenoid is 
almost 20 times larger than its resistance, and about 10 
times larger for the timer coil. In either case it is safe 
to disregard the effect of the resistance when consider- 
ing the impedance of the coil in relation to its use at 
either 50 or 60 cycles. Both coils have been success- 
fully used on 50 cycles at a voltage lowered in the 
proper relation. 

Magnetic devices employed on machines are very 
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Load, per ce 


Fig. 6—Voltage regulation curves for use in selecting 
proper control transformers for a given application. These 
curves apply to transformer of type shown in Fig. 3. 


often subject to intermittent duty. Consequently, a brief 
discussion of the characteristics and definitions regard- 
ing duty cycle is in order. However it should be noted 
first that if a magnet is used intermittently the value 
of its inrush current becomes of primary importance 
as it affects the control transformer and the operating 
contacts of the associated control devices. Selection of 
the rating of control transformers is made by consid- 
ering a family of regulation curves and determining the 
position of the minimum voltage permissible for the 
maximum load applied. The maximum load can be 
defined as the maximum possible current value obtained 
by adding all the simultaneous inrush current values 
to the sum of the sealed-currents of all devices which 
may be energized at the same time. 

Regulation curves for control transformers are curves 
indicating the voltage drop (or secondary or output 
voltage), at loads varying from zero (no load) to values 
several times the rated load. They are usually straight 
lines (Fig. 6), with a varying degree of slope depend- 
ing on the power factor of the applied load and on the 
size of the transformer. (7) It will be recalled that the 
power factor for an inductive load, such as constituted 
by magnetic coils, is the phase angle between reactance 
and resistance which, it was mentioned before, may be 
as low as 20 per cent for industrial control devices. 

The regulation curves published by transformer 
manufacturers are usually those at 100 per cent power 
factor (the improbable case of a purely resistive load), 
at 50 per cent and/or at 20 per cent power factor. How- 
ever, control transformers are so designed as to have a 
higher voltage drop (poorer regulation) the higher the 
power factor. Consequently, if in calculations of this 
kind the 100 per cent power factor curves are used, the 
results obtained will have a large, possibly an excessive 
safety margin. Obviously, for closer analysis, curves at 
power factor much lower than 100 per cent should be 
used. (8) The curves of Fig. 6 are for 100 per cent 
power factor. 

Assume, for instance that the steady state load of a 
machine control circuit is 700 va constituted by the 
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sealed loads of a variety of magnetic devices such as 
relays, contactors, solenoids, timers, etc. If the devices 
are not for intermittent duty, i.e., not frequently ener- 
gized and de-energized, and if they are not all energized 
simultaneously when the machine is started, it may be 
safely assumed that a 750-va control transformer (next 
larger commercial size to 700 va) will adequately carry 
the load. 

But if some of the devices remain energized while 
others are de-energized and then re-energized again (in- 
termittent duty) a voltage-drop analysis must be made 
taking into consideration the maximum value of inrush 
current plus the sealed load existing at the time. A mini- 
mum value of acceptable operating voltage must be 
established that in no event should be under the 85 per 
cent voltage mark. Let us assume 105 volts as this 
minimum value, for example, and the maximum com- 
bined load 1000 va, equal to 133 per cent of the rated 
load for a 750-va transformer. The regulation curve, 
Fig. 6, shows that at 133 per cent overload the output 
voltage is about 108.5 volts, well above the established 
105-volt limit. In this instance the 750-va unit will prove 
satisfactory. 

Assume next that the combined inrush and sealed 
currents reaches a value of 2250 va, equal to an over- 
load of 300 per cent for the 750-va unit. At this point 
the regulation curve shows a voltage output of about 
104 volts. A 750-va transformer is too small and the 
next larger unit, rated 1000 va, must be used. 


Broad Conclusions Drawn 


As a result, it can be concluded that magnetic con- 
trol devices with proportionally high values of inrush 
currents: (1) necessitate transformers of larger ratings 
if a given control voltage must be maintained, (2) in- 
duce higher voltage drops in a given control transformer 
and circuit, and (3) produce considerably higher tem- 
perature rise in the transformer, since heating is about 
proportional to the square of the current. Inrush cur- 
rents are lowest in relation to the sealed currents for 
coils of those devices that have the smallest distance 
between the sealed and open position, and for devices 
employing solenoid type magnets, rather than magnets 
in the “E” or “C” construction. This is presumably 
one of the reasons why several manufacturers have 
adopted the solenoid construction on relays, contactors 
and starters, in preference to the clapper type construc- 
tion associated with E or C magnets. 

It is evident that when a coil has comparatively high 
inrush current, the push button, relay or other device 
controlling it must carry contacts of proportionally 
higher rating if the operation is frequently repeated. 
Likewise any given set of contacts will have a shorter 
life, the higher the inrush currents it has to handle. 

As far as the magnetic devices themselves are con- 
cerned, when used intermittently, the number of opera- 
tions in any given time is limited by the permissible 
temperature rise in the coil. This, in turn, depends on 
the type of insulation used, such as AITEE Classes A, 
B and H. 

For a given coil and a fixed amount of pull, the 
number of operations allowed depends upon the per- 
centage of the total cycle time that the coil remains de- 
energized. It increases with the length of “off” time, 

(Continued on page 182) 
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Eleets 


New Officers 


NEMA President for 1951 


T THE 24th Annual Meeting of the National Elec- 

trical Manufacturers Association, held in Atlantic 

City, N. J., on November 15, three new members 
(see below) were added to the board of governors, and 
a new president and four vice presidents were elected. 
C. W. Higbee, manager of the wire and and cable depart- 
ment, United States Rubber Company, New York, was 
elected president of NEMA, succeeding Charles T. Law- 
son, a vice-president of the Kelvinator division of Nash- 
Kelvinator Corporation. 

Mr. Higbee began his career in the rubber business 
in 1919 as a sales clerk in the company’s Bristol, R. I., 
plant. Later he turned his attention to the mechanical 
phase of the rubber business, becoming chief inspector 
of the factory and finally technical superintendent. A 
few years later he was appointed manager of wire sales, 
and then in 1943 became manager of the wire and cable 
division. 

He has been active in the Wire and Cable Division 
of NEMA for many years and has served on such sections 
as: building wire and cable section, rubber covered build- 






C. W. HIGBEE 


ing wire group, flexible cord, rubber power and control 
cable, and wiring devices. 

In addition to his interest in the Wire and Cable Di- 
vision, he served as vice president of NEMA in 1944-45 
and 1949-50, and on the board of governors since 1941. 
During the past year he also served on the program and 
budget committees. 

Before retiring as NEMA president, Mr. Lawson pre- 
sented 50-year medals to the eight pioneers in the elec- 
trical manufacturing industry whose citations are briefed 
on page 107. Mr. Lawson also gave the presidential 
address in which he stressed the record of continuing 
expansion made by the electrical industry. He pointed 
out that while population is increasing, the number of 
families is growing at an even faster rate. People are 
living longer and enjoying better health, with the result 
that a larger proportion of older people are maintaining 
separate homes. This means the market for the electrical 
industry will be considerably larger than indicated by 
population figures alone. 

Lawson said NEMA would play an increasingly im- 





Three New Governors Elected 





J. W. COREY 


: president, 
Reliance Electric G& Engineering Co. 


JAMES M. BENNAN 


president, 
Jefferson Electric Co. 
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Newly elected to the board of governors for a three-year 
term expiring in 1953 are: James M. Bennan, president of 
Jefferson Electric Co., Bellwood, Ill.; J. W. Corey, president, 
Reliance Electric & Engineering Co., Cleveland; W. S. 
Kendrick, president, The Victoreen Instrument Co., Cleve- 
land. (Mr. Bennan and Mr. Corey are pictured at left). 

Reelected to the board for the same term are: J. H. Ash- 
baugh, vice president, Westinghouse Electric Corp., Mans- 
field, Ohio; D. S. Funk, president, Sangamo Electric Com- 
pany, Springfield, Ill.; L. G. Hall, president, Stackpole Car- 
bon Company, St. Mary’s, Pa.; C. W. Higbee, manager, 
electric wire and cable department, United States Rubber 
Company, New York; H. A. Hudson, manager of Sales, elec- 
trical division, Wagner Electric Corp., St. Louis, Mo.; J. F. 
Lincoln, president, The Lincoln Electric Company, Cleve- 
land; F. F. Loock, president Allen-Bradley Company, Mil- 
waukee, Wis.; J. J. Nance, president, Hotpoint, Inc., Chi- 
cago; Geo. P. F. Smith, president and general manager, 
Norge division Borg-Warner Corporation, Chicago; and 
R. R. Titus, president, Synthane Corporation, Oaks, Pa. 









105 


Five New Vice Presidents Named for 1951 


ARTHUR A. BERARD J. H. JEWELL J. F. LINCOLN 


VICE PRESIDENTS elected for 1951 at the NEMA 
Annual Meeting were: Arthur A. Berard, president of 
Ward Leonard Electric Company, Mount Vernon, N. Y.; 
J. H. Jewell, vice president of Westinghouse Electric 
Corporation at Pittsburgh; J. F. Lincoln, president of 
Lincoln Electric Company, Cleveland; Alan F. Sheldon, 
vice president and general manager of Kennecott Wire 
& Cable Company, Phillipsdale, R. I.; and R. E. Murphy, 
vice president in charge of sales at I-T-E Circuit Breaker 
Company in Philadelphia. Mr. Berard and Mr. Jewell 
were members of the board of governors last year; Mr. 
Lincoln, Mr. Jewell, and Mr. Sheldon also held office as 
NEMA vice presidents last year. 





Treasurer chosen for 1951 is L. G. Hall, president, 
Stackpole Carbon Company, succeeding Everett Morss, 


ALAN F. SHELDON president of Simplex Wire & Cable Co. L. G. HALL, NEMA Treasurer 





portant role in realizing the potential of the electrical in- 
dustry, which by 1960, according to industry trends, 

MeGraw Award could mean a national public utility generating capacity 

of nearly double today’s figure of 69,000,000 kw hr. Aver- 
to age home consumption is expected to more than double 
‘% the present 1,700 kw hr. 

Frank Thornton, Jr. oe Analyzing the industry market for the next decade, 
Lawson pointed to a general rise in the educational level 
of our adult population, due to longer schooling and 
widespread use of such means of mass communication 
as radio, television, newspapers, books, films and mag- 

azines. 

“The net result of this is that our market of 1960 will 

be more standardized in its beliefs, behavior and tastes. 
tinguished contributions to the advancement of the This oe that our market will become more homogene- 
electrical industry in the field of standardization, code ous, and it thus becomes increasingly important that we 
development and safety regulations. He is Ist Vice | be right in the statistics upon which we base the pro- 
Chairman of NEMA Codes and Standards Committee. duction of our products, and that we be right in the 
He contributed much to working out a basis for ap- codes that are established affecting the electrical indus- 
proval of the 1949 Revision of the National Electrical try. These two points alone emphasize the greater im- 
Code as an American Standard, and toward setting up portance that NEMA services will have for us in the 
methods of handling future code revisions as American future.” 
Standards. He represents the National Fire Protective 
Association on the NEC Correlating Committee. Mr. 
Thornton has also done much to win recognition for 
the part played in code enforcement by the International 
Association of Electrical Inspectors. Award consists of 
a -bronze medal and a purse of $100. 


Engineering manager, association activities, Westing- 
house Electric Corp. was recipient of the James H. 
McGraw Award, manufacturers medal for 1950. Mr. 
Thornton received the award in recognition of his dis- 


“Lack of adequate wiring has more to do with delaying 
growth of electrical service and sales of electrical products 
than any other element,” Lawson said. “It involves not 
only manufacturers of appliances which use electricity, 
but also those who make the equipment for generation 
and distribution.” 
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JOHN W. BROOKS 
John Wendell Brooks, vice 


president, Pass & Seymour, 
Inc., began his career in 1896 
as vice president and trea- 
surer of the Brooks-Fallis 
Electric Co., distributors in 
San Francisco. In May, 1899, 
he joined Pass & Seymour, 
Inc., then at Newark, N. J., 
as district sales manager. He 
advanced to general sales 
manager, general manager, 
secretary and treasurer, to his 
present position. He is also a 
director of Pass & Seymour, 
now at Syracuse, N. Y. 


\2 
MAX McGRAW 


Max McGraw, president, Mc- 
Graw Electric Co., Chicago, 
at the age of 18 started an 
electrical contracting business 
in Sioux City, Iowa. In 1907 
Mr. McGraw organized a firm 
to manufacture telephone 
switchboards. In 1926 he 
bought a controlling interest 
in Waters, Genter Co., mak- 
ers of the first automatic pop- 
up electric toaster; also in 
the Clark Electric Water 
Heater Co. Has since acquired 
Bussmann Co., Bersted Mfg. 
Co., and others. 


CAXTON BROWN 


Caxton Brown, chairman of 
the executive committee, Wes- 
ton Electrical Instrument 
Corp., Newark, N. J., joined 
Weston in 1900 as a repair- 
man. In 1907 he became sales 
manager and later secretary. 
Following the war, Mr. Brown 
established selling connec- 
tions in the various capitals 
of Europe and _ travelled 
abroad regularly. In 1937 he 
was made executive vice presi- 
dent and in 1943 president, 
serving until 1947 when he 
assumed his present position. 


D. HAYES MURPHY 


D. Hayes Murphy, president, 
the Wiremold Co., Hartford, 
in 1900 became an officer of 
the Richmondt Electric Wire 
Conduit Co., later changed to 
American Interior Conduit 
Co. This company was merged 
with the Safety Armorite Con- 
duit Co., Pittsburgh, to form 
the American Conduit Mfg. 
Co., of which Mr. Murphy be- 
came president in 1912. The 
Wiremold Co. resulted from 
a reorganization in 1919. Mr. 
Murphy has served as presi- 
dent ever since. 





Eight Pioneers Receive NEMA 50-Year Certificates 


GEORGE A. BURNHAM 


George A. Burnham, consult- 
ing engineer, Allis-Chalmers 
Manufacturing Co., began 
work for an electrical con- 
tractor in 1900. In 1909, he 
joined the Condit Electrical 
Mfg. Co., rising to president. 
When American Brown Bo- 
verie Corp. purchased the 
Condit Company, Mr. Burn- 
ham became president of the 
American’ Brown  Boverie 
Electric Co. In 1931, he be- 
came manager of the switch- 
gear and control departments 


of Allis-Chalmers. 


WORTHINGTON F. PARKER 


Worthington F. Parker, presi- 
dent, The Standard Trans- 
former Co., Warren, Ohio, be- 
gan his career as electrician 
at Armour institute of Tech- 
nology, Chicago. From 1906 
to 1908 he was associated 
with Holtzer-Cabot Electric 
Co. In 1913 he joined Pack- 
ard Electric Co., as sales man- 
ager, later becoming general 
manager of the transformer 
division. When Packard dis- 
continued manufacture of 
transformers, Mr. Parker set 
up the company he now heads. 





DAWSON Jj. BURNS 


Dawson Jabez Burns, general 
consultant, Ward Leonard 
Electric Co., entered the em- 
ploy of Western Electric Co. 
in 1900. In 1902 he became 
a salesman for the Ward 
Leonard Electric Co., and a 
year later, sales manager and 
director. In 1909, he was 
elected vice president, and in 
1944, president. In 1948, he 
was made chairman of the 
executive committee. He has 
specialized in the design and 
manufacture of stage lighting 
controls and amplifiers. 





EDWARD F. WESTON 


Edward F. Weston, chairman 
of the board, Weston Elec- 
trical Instrument Corp., New- 
ark, N. J., in 1900, joined the 
company his father, Dr. Ed- 
ward Weston, headed. After 
about ten years he was elected 
treasurer, while also acting as 
general assistant to Dr. Wes- 
ton. In 1916 he became gen- 
eral manager and then served 
successively as second vice 
president and vice president. 
In 1925 he was elected presi- 
dent, a position he held until 
1945 becoming chairman. 
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DESIGN TRENDS AND 


Hydraulic System Programmed Electrically 


Operational sequence, interlocks and safety 
features are provided by electrical controls in 
automatic unpacker using hydraulic power. 


N MANY cases electrical control is the simplest and 

most economical method of controlling a hydraulic 
system which must perform a number of operations in 
a preset sequence automatically. Such was the case for 
the automatic unpacker (Fig. 1) developed by Edward 
Ermold Co., New York, in which standard containers 
are unloaded from cartons, cases or trays. With excep- 
tion of the two motor-driven conveyors, one which 
brings cases into the machine and another which dis- 
charges the containers, entire unloading operation is 
performed by a hydraulic system controlled by electric- 
ally operated solenoid valves energized in a preset se- 
quence. 

In operation, cases arrive on a feed conveyor, either 
singly or in an unbroken line, and are admitted one 
at a time by a gate onto the power-driven case conveyor. 
Gate will not admit another case until preceding case 
has been unpacked and discharged. Case is then center- 
ed on the conveyor as it enters the unloader by a 
narrowing channel and stopped by a centering arm 
over a vertically reciprocating elevator while conveyor 


Fig. 1—Automatic unpacker operates to container line 
capacity. Controls stop cycling of machine if bottles 
back up as a result of line delays on other equipment; 
machine will not cycle if cases do not discharge freely; 
and if cases fail to arrive, machine waits. Cases can be 
handled in sizes ranging from 141% to 24 in. long, 10% 
to 17% in. wide and 7% to 12% in. high. Change over 
to different size containers or cases is accomplished by 
adjusting readily accessible controls. 
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slips beneath the case that is to be unloaded. 

Elevator is positioned below the level of the case 
conveyor and it rises until the necks of bottles or other 
containers enter open grip fingers. Hydraulic action 
closes fingers immediately to grip containers securely. 
Next, elevator descends with case, leaving containers 
suspended from gripper carriage. Empty case is re- 
deposited on case conveyor, stop is in retracted position, 
and case is free to travel out of machine. 

Gripper carriage travels on a track at right angles 
to motion of case conveyor. Track is so positioned that 
bottoms of containers are slightly above level of con- 
tainer-discharge conveyor. Continuously operating 
wire-mesh conveyor is used for bottle discharge and it 
moves at the same speed as carriage. Near end of 
travel, track dips to allow carriage to bring bottoms 
of the containers in contact with mesh conveyor. Then, 
grip fingers open and bottles start to move out of 
machine. Carriage now moves upward on track and 
stops at the end of its travel. When bottles are clear 
of grip fingers, carriage returns to position over eleva- 
tor. Carriage is now ready to receive the next case 


Centering out- 
Gate go 
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dam release y ( in 
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Fig. 2—Elementary diagram of electrical controls for 
hydraulic system; all contacts are shown in position as- 
sumed when machine is idling. Circuit automatically 
determines proper sequence of operations and no oper- 
ation can begin until the preceding operation has been 
completed; machine stops if a jam occurs. 
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which has been admitted by gate and centered while 
carriage has unloaded containers from previous case. 

Electrical controls for the unpacker are shown in 
Fig. 2; contacts are in position assumed when machine 
is idling. When a case enters unloader on case conveyor, 
it interrups light beam of photocell PE, and continues 
until it interrupts beam of photocell PE. Contacts of 
PE, energize solenoid 1 which performs two oper- 
ations: closes gate stop to prevent another case from 
entering; and erects centering arm to stop the case 
on conveyor and center it over the elevator. Case now 
clears light beam of PE, remaking contacts. At the 
same time erection of centering arm operates LSz which 
closes circuit to solenoid 4, and elevator goes up. Switch 
LSz also energizes 5-sec time-delay relay CR; contact 
of CRe opens circuit to CR, after 5 sec to stop oper- 
ation if a case jams in machine. 

When elevator starts up it operates LS, and when 
at top of travel it operates LS3 which energizes CR3. 
Contacts of CR3 energize solenoid 6 to actuate grippers 
and grip containers in case. After 0.2 sec, time delay 
contacts of CRs open circuit to CR, which energizes 
solenoid 3 and elevator goes down. As elevator goes 
down, LS: and LS3 are returned to idling condition 
and energize solenoid 8 to move carriage with bottles 
forward. After carriage moves a preset distance it oper- 
ates LS4, deenergizing CR3. Contacts of CRg energize 
solenoid 5 which releases grippers allowing bottles to 
be free on conveyor. Bottles on conveyor interrupt light 
beam of photocell PE; to prevent carriage from re- 
turning immediately and possibly upsetting the bottles. 


TRANSIENTS 


DECEMBER 1950 


Hydraulic System Programmed 
Electrically 


Coordinating Insulation to 
Application 
Machine Tool Overload Control 


Measuring Yarn Photoelectrically 
Machining Glass-Reinforced Plastics 


Weatherproof Motor 
Servo Regulates Rectifier Voltage 
High-Temperature Tube Base 
Field Wire Combat Tested 
Combination Fan-Heater 


Brush Wear at High Altitude 


And other new ideas and 
developments of interest 





When bottles clear the light beam, contacts of PE, 
energize solenoid 7 returning carriage to position. 
After the starting cycle, operations are speeded some- 
what since timing of controls are arranged to admit 
another case when elevator has descended and prepare 
it for unloading while carriage is depositing bottles 
from previous container. When elevator is down, con- 
tacts of LS3 are returned to idling position. Relay CR, 
is still deenergized and solenoid 2 opens gate and re- 
tracts centering arm, admitting another case. Operation 
proceeds through the same sequence and elevator rises 
when carriage operates LS; as itis returning, OOO 


Coordinating Insulation to Application 


Construction is simplified and weight is re- 
duced in high-voltage equipment by using 
molded insulation at critical points. 


S. L. FOSTER 
Design Engineer, Transformer Section 
Allis-Chalmers Manufacturing Co. 


ELECTION of electrical insulation is often the 
most important part of the design of transformers, 
since they must withstand certain higher transient volt- 
ages not limited to lightning surges on large distribu- 
tion transformers. Even small audio transformers must 
withstand surges caused by switching. Voltage appear- 
ing at various points in the winding can be determined 
by any one of several mathematical formulas or by 
measurement under simulated conditions on an actual 
machine. The problem of insulating for these conditions 
is, however, of large magnitude. 
Usual type of insulation is a combination of solid 
and a liquid or air. Bare leads and conductors may be 
taped with varnished cambric or paper, but this method 
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is not economical except on very low voltage equip- 
ment. Common method of insulating air-cooled trans- 
formers is to place phenolic laminates or other similar 
solid between coils and between coils and ground as 
shown in Fig. 1. In oil-cooled transformers, paper bar- 
riers are used in a similar manner. 

Surge voltages have a tendency to creep over these 


Core Sarriers 


Fig 1—Insulation for trans- 
formers is generally provided 
by plastics or paper barriers 
between coils and between 
coils and ground. However, 
surge voltages tend to creep 
over the barriers and cause 
breakdown. 
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Conductor at 
high voltage 


Lines of 
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Conductor at 
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Fig. 2—Equipotential lines about a square cornered elec- 
trode are closer together near the corner than elsewhere 
in space (top). Therefore voltage gradient is higher in 
this region. When an insulating barrier is fitted around 
the corner, as shown below, the insulation takes up most 
of the high voltage stress of the field. Remainder of as- 
sembly will then have a fairly uniform field. 


barriers. Presence of sharp corners or points of con- 
ductors near barriers promote corona discharges which 
burn the insulation and cause a creepage breakdown. 
One method of preventing corona is to place the parts 
a sufficient distance apart, but this is usually not eco- 
nomical when potentials are over a few thousand volts. 
Another method of decreasing corona on sharp edges is 
to cover them with solid insulation, as in Fig. 2. Use 
of solid insulation considerably decreases the gradient 
of the electrostatic field in the non-solid area, as indi- 
cated by the increase in distance between lines of poten- 
tial stress and increase in size of the squares. However, 
this method presents a problem. 

When materials of different dielectric properties are 
placed between electrodes, each material acts as a capac- 
itor whose capacitance is directly proportional to the 
dielectric constant of the material. When several dielec- 
tric materials are placed in series, voltage across each 
is inversely proportional to the dielectric constant. 
Therefore, as the dielectric constant of the solid insu- 
lation approaches that of the liquid such as air, the pro- 


Fig. 4—A useable radial flange of approximately one- 

fourth the radius of the mold is the practical limit on 

molded circular segment channels. If this is exceeded 
considerable cracking will result. 
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Fig. 3—Mild steel molds lubricated with molten paraffine 

are used to form wet cardboard and dielectric heating is 

used for drying. Paper is kept under pressure in the mold 
while being dried. 


portion of the voltage taken by the solid insulation will 
increase. A suitable insulation material must have a 
low dielectric constant to produce the low field stress 
shown in Fig. 2. 

In small high-voltage transformers, the complete 
winding can be encased in a plastics of high dielectric 
strength. Since no other insulating material is in series 
with the plastics material, the capacitance effect is ab- 
sent. With all the field in one homogeneous material, 
stress will be high at the corners, but no corona or 
breakdown occurs because of the high strength of the 
plastics. Since the encasing material must also serve as 
a cooling medium, a plastics of high heat conductivity 
is desirable. 

For liquid-filled transformers, the best corona-reduc- 
ing insulation is paper impregnated with insulating oil. 
Round parts such as leads or connections can be 
wrapped with paper tape but all corners must be cov- 
ered. Coils, supporting structures, and large irregular 
shaped parts which cannot be taped require the use of 
molded insulation to cover the edges. 

Molding paper to required shapes is a problem with 
this type of insulation. The paper must be pliable. Mold- 
ing may be done with pulp, but this usually is not eco- 
nomical, because of the expense of pulp-handling equip- 
ment. However, paper may be softened into a semi- 
plastic state with water and then molded successfully. 
Our practice is to use fullerboard of approximately 
75 per cent rag content soaked in water until it is soft 
and pliable, and then placed over the male portion of a 
mold. Mild steel molds, as shown in Fig. 3, lubricated 
lightly with molten paraffine are satisfactory. The mold 
can be closed at a moderate speed, and then dried by 
heating. Paper is kept under pressure while being dried 
to prevent a non-uniform thickness which will result 
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if the mold is not held firmly during drying period. 
Small escape ports are provided in the molds to allow 
the steam to escape during drying. Dielectric heating is 
successful in this application. Steam-heated molds re- 
quired approximately 11% hr to dry a channel-shaped 
piece whereas dielectric heating dries the same piece in 
7 to 10 min. To dry %-in. thick paper pieces, frequency 
used is approximately 30 mc at 15,000 volts. 
Considerable cracking is experienced in molding a cir- 
cular-segment channel with long flanges in the radial 
direction as shown in Fig. 4. If an attempt is made to 
correct this by changing the mold, wrinkles result in 
the cylindrical part making the piece unusable. A flange 
of approximately one-fourth of the mold radius is a 
practical limit. Complete circular channels can be made, 
as an example, by molding segments and fitting them 
together to make a circular channel. Molded parts must 
be trimmed after molding since there will always be 
flaws near the edges of the molded part; trimming can 
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be held to a minimum by cutting the blank somewhere 
near size to fill a standard mold and trimming off the 
extra amount if smaller pieces are required. This proce- 
cedure is necessary since small pieces are hard to con- 
trol in the mold and give excessive spoilage. Also if 
mold is not filled, plates of mold are likely to flash over 
from voltage applied for dielectric heating. 

In order to maintain a uniform solid, joints between 
segments need a long bevel, approximately 2 in. joint 
for 4-in. paper. Such a bevel can be made with a sand- 
ing disk and a holding jig of special design. The last 
bevel in an assembly is made during final assembly. 

This process of molding and fitting insulation to the 
high voltage parts of a transformer has made possible 
a weight reduction of the active parts of the transformer 
(copper and core iron) as much as 40 per cent. Con- 
struction is simplified, and at the same time transformers 
are free of corona at transient voltages as well as at nor- 
mal operating voltages. oo0g 


Machine Tool Overload Control 


To prevent damage to machine and tools, an 
electronic wattmeter responsive to current 
change can cut off power in a few milliseconds. 


a of operation and complexity of tooling used 
in modern production machinery results in an in- 
creased possibility of costly damage to machine and tool 
in the event of a malfunction. For example, a high-speed 
automatic punch press, using a complicated progressive 
die, can quickly demolish $5000 worth of tools if al- 
lowed to continue running after a misfeed has occurred. 
To guard against such breakage, with its accompany- 
ing expense of tool replacement and lost production 
time, The Brinnell Company developed a machine tool 
everload control, shown in Fig. 1, which is an electronic 
wattmeter. Basically, signals proportional to the driving 
motor line voltage and current are each fed to grids of 
a double-grid thyratron. If the current signal becomes 
greater than the voltage signal, which acts as a bias, the 
thyratron conducts and energizes a relay to cut off 
power or declutch motor in a few milliseconds. As line 
voltage increases, the corresponding thyratron grid volt- 
age becomes more negative and in effect increases the 
current signal required to fire the thyratron. Thus the 
control automatically compensates for line voltage 
changes, making it sensitive only to current changes. 
Simplified schematic diagram of the control is shown 
in Fig. 2. In actual operation transformers T, and T2 
deliver signals proportional to the line current and line 
voltage. These signals are rectified by diodes V, and V2 
producing d-c signal voltages across potentiometers P 
and Py. Outputs of the potentiometers are individually 
combined with adjustable bias (reference) voltages 
from Ps; and P; and applied to grids of amplifier tubes 
V3 and V4. D-c outputs of amplifier tubes are fed to the 
grids of a small thyratron V;. When signals are such 
that the thyratron fires, it energizes relay CR, whose 
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Fig. 1—Essentially an electronic wattmeter, overload de- 

vice automatically compensates for line voltage changes 

and makes the control sensitive only to current changes 
caused by machine load. 


contacts can be used to remove power from machine or 
declutch the motor. 

With machine running under normal conditions, the 
control is set by adjusting “Overload” potentiometer P2 
to give a bias corresponding to zero overload allowance. 
Then ‘“‘Normal Load” potentiometer, P;, is increased 
until the thyratron fires. This setting of P, then cor- 
responds to a normal running condition, and graded in- 
crements of Py. setting are used to preset the percentage 
increase in current which will trip the control. Settings 
of Py can be made so a current increase of only | per 
cent will cause tripping. 

When used with punch presses, eyelet machines, head- 
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ers, ard other types of flywheel-driven impact machines, 
the control is sensitive to flywheel slowdown, as re- 
flected by increased motor current. When sensitivity 1s 
set to accommodate a normal stroke, occurrence of a 
slightly heavier stroke will cause a current peak large 
enough to stop the machine. Bias potentiometers P3; and 
Ps are set and sealed at the factory to provide proper 
compensation for an average installation, but can be re- 
set in the field for the desired compensation. 

Once the control is set, contacts of relay Cy ener- 
gizes a warning light on the control panel when over- 
load occurs; another set of contacts on CR, may be 
used either NO or NC to actuate any desired shutoff 
device or warning. Because of the importance of stop- 
ping machine at the first indication of overload, output 
connections are usually made to a fast-acting mechan- 
ism for disengaging a clutch. When a press is already 
equipped with a solenoid-actuated clutch, it is simply a 
matter of making additional electrical connections. When 
an air or hydraulic system is used, a solenoid valve is 
added. Otherwise, the treadle or handle of the existing 
clutch is equipped with a mechanical latch and a sole- 
noid to release the iatch. These electrical shut-off ar- 
rangements are also used in conjunction with limit 
switches which detect the end of a roll of stock or the 
buckling of the stock as it enters the tools. Other ar- 
rangements include opening the holding coil circuit of a 


magnetic starter, using a reversing contactor to plug a: 


motor to a quick standstill, or sounding an alarm to 
warn the operator of impending trouble. Actual function 


Measuring Yarn 


Differential output from two phototubes com- 
pares measured dimension with a calibrated 
aperture; amplified to operate a recorder 


PPEARANCE of material woven from yarn de- 

pends to a great extent upon constant yarn diam- 
eter. For some time textile yarns have been measured on 
a weight per unit length basis from which the average 
yarn diameter can be calculated. This method has two 
inherent faults: the yarn diameter can vary considerably 
in a given length, and moisture in the yarn introduces 
a weight error. Therefore some method was needed to 
measure diameter of yarns continuously without con- 
tact or distortion and by a method unaffected by mois- 
ture content of the yarns. 

To meet these requirements Standard Electronic 
Research Corp., New York, developed an electron 
micrometer using a beam of light for the measuring 
medium. Light from a common source passes through 
two apertures and is received by two phototubes. Yarn 
passing one of the apertures controls the amount of light 
received by the corresponding phototube which in turn 
produces a voltage inversely proportional to the diam- 
eter of the yarn. This voltage is compared in a mixing 
circuit with a reference voltage produced by the unin- 
terrupted light beam on the other phototube. Differential 
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Fig. 2—Two transformers are used to sense current and 

voltage respectively. A-c output of transformers are recti- 

fied, amplified, and fed to separate grids of a thyratron 

which acts as a mixer. Combination of voltage and current 

signal on grids determine whether or not thyratron will 
fire and energize relay to stop machine. 


to be performed by the control output depends on the 
availability of existing means and the speed with which 
operation must be stopped. 000 


Photoelectrically 


produced is used to operate a meter or recorder, or a 
mechanism to count the number of times limits are ex- 
ceeded as yarn passes through aperture. 

Yarn is measured by varying the height of the rec- 
tangular measuring aperture by means of a diaphragm 
connected to a micrometer screw. With the micrometer 
set at zero and the two apertures identical, the output 
of the two phototubes is in balance and, after mixing, 
the differential is zero. However, when yarn is placed 
in the measuring aperture, the corresponding phototube 
receives less light. When the diaphragm is opened by 
the mechanical micrometer to pass more light and reduce 
the differential voltage to zero, diameter of specimen 
can be read directly on the micrometer since the rela- 
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Get the profit-protection of easy-handling, straight- 
driving, non-skid Phillips Screws ... the modern fas- 
tenings that cut assembly time as much as 50%. 
And get, too, the uniform quality, top “know-how” 
and unmatched research facilities that are the special 
wt suip OUT advantages of AMERICAN Phillips Screws. 

on p RECESS What’s more, it’s now better business than ever to 
“fasten with Phillips’... because the Phillips recess is 
being sold (every month, through the Saturday Post) 
as a buyer’s guide to quality in all types of Phillips- 
fastene anlinate, 


And whenever you think of Phillips Screws, remember 
that it pays to say: “AMERICAN Phillips Screws!” 


AMERICAN SCREW CO., Willimantic, Conn. 


AMERICAN|{ |?" 
PHILLIPS SWOWE ii 


INGED DRIVER 
of PHILLIPS TAP 


‘ Everdur (silicon 
bronze) 
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This is not as tough a job as frequently 
thought; here are some practical methods 
based on successful fabricating practice. 


H. P. WALKER 
Electrical Engineer 
Bureau of Ships, Navy Department 


LASS-REINFORCED plastics materials, such as 
Navy type GMG (glass-melamine, general), as 
covered by Military Specification MIL-P-15037A, and 
GSG (glass-silicone, general), as covered by Navy 
Department Specification MIL-P-997 (SHIPS), owing 
to their superior fire- and arc-resistant properties, good 
electrical characteristics and high mechanical strengths, 
are now widely used as electrical insulating materials on 
Naval vessels.* 

While GMG and GSG material is somewhat more 
difficult to machine than laminates composed of paper 
or cotton cloth, there is nothing mysterious or compli- 
cated about the job. The ordinary mechanic can do it 
with but little experience, and with machine equipment 
and high-speed or carbide-tipped tools usually found in 
most shops. High-speed tools are usually used where 
only a small amount of machining is to be done, and 
carbide-tipped tools where there is a large amount. 
Some industrial shops use high-speed tools where there 
is less than 1000 in. of drilling to be done and carbide- 
tipped tools where there is more than 1000 in. Car- 
boloy 88 or 905, Firthite HA or HE, Vasscoloy- 
Rament 2A5 or 2A7, and Kennametal K6 or K8 have 
been used commercially with good results. 

Laminated GMG and GSG materials are usually 
machined dry. Since these materials are good electrical 
insulators and therefore poor conductors of heat, it is 
necessary to use coolants which may be a jet of com- 
pressed air or a stream of water whichever is most 
convenient. The resulting glass dust from dry ma- 
chining may be irritating to the skin of some people, but 
there is no record of the glass dust ever causing silicosis, 


* See “Electrical Insulation—Navy’s Program Moves Ahead,” Novem- 
ber 1948, EvectricaL MANUFACTURING. Reprint available, see page 162. 
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tionship between displacement of micrometer screw and 
_actual diameter of specimen is linear. Any variation 
from this base dimension as the yarn passes by the aper- 
ture will either reduce or increase the quantity of light 


Machining Glass-Reinforeced Plastics 


Of Side rake 


Fig. 1 (Left)—Turning tool used in machining glass laminates. Fig. 2 (Right)—Planing tool. 
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striking the phototube. Output of the electron microm- 
eter will be proportional to this change, and can be used 


as the input to usual types of indicating, recording or 
control devices. ooo 








or any other respiratory disturbance. The skin irri- 
tation, which is caused by the mechanical action of the 
glass dust, may be remedied by using proprietary pro- 
tective creams, lotions or clothing. Clean working 
conditions are of the utmost importance. 

In order to promote general cleanliness, prolong tool 
life and reduce the possibility of skin irritations, some 
means of dust removal should be provided. The best 
method is removal by a suction system with an air jet 
directed on the cutting tool to serve both as a coolant 
and to move the chips into the suction nozzle. The 
suction system is usually operated at 4 to 5 in. of water 
vacuum. Another method is to use a good stream of 
water which acts as a coolant to the cutting tool and 
removes the dust. A small amount of soluble oil should 
be added to the water to prevent excessive rusting of 
equipment. Coolants of oil or fatty base should not be 
used as they combine with the glass dust to form a hard 
deposit which interferes with the machining operation. 

Turning: Ordinary metal-cutting lathes are used for 
turning operations. Female centers or live centers give 
much better results than fixed male centers for turning 
laminating stock as the male centers have a tendency to 
wedge the laminations apart. Cutting speeds of from 
100 to 500 surface feet per minute should be used. The 
rate of feed is determined by the finish required. Feed 
of about 0.010 in. per revolution usually gives a good 
finish. Carbide-tipped cutting tools should be ground 
with a 33-deg end-cutting edge angle, no back rake or 
lip, and with a side rake of 13 deg. (See Fig. 1.) In 
both turning and facing operations the tool should be 
set so that the heel of the cutting edge cuts in advance 
of the point in order to shear in the direction of the 
stock being removed. In counter-boring or facing, the 
cut should be made towards the center so that the mate- 
rial will be under compression while cutting. 

Shaping and planing: Ordinary or standard metal- 
working shapers and planers are used for shaping and 
planing laminated GMG and GSG materials. Cutting 
speeds should be 50 to 90 fpm and the rate of feed will 
depend upon the desired finish. Feeds of 0.010 to 0.015 
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Wane BY GUARDIAN 


CHRISTMAS or CONVOYS ... For peace- 


time products or national defense—let Guardian 
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be your first line supplier. 


The Guardian 610 A.C. and 615 D.C. Relay shown 





above is small and low priced, yet packed with power. The Guesdien 
Furnished hermetically sealed with the Screw Terminal Hermetic Seal 
Screw Terminal 


housing shown, Octal Plug, or A.N. Connector housing. Hewing 


Write — ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION. 


GUARDIAN WELECTRIC 


1627P W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LIME GF RELAYS SERVING AMERICAN tuouSsTRY 
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Polyethylene mounting ring insulates metal pic- 
ture tube in this G-E 19-in. TV receiver. On the 
receding conical body of the tube a polyethylene 
sleeve completes the insulation. The ring was devel- 
oped by Anchor Plastics Company, New York 13, 
as a curved extrusion—a process designed to pro- 
duce a curved shape free of distortion and of the 
tendency to straighten out again. Circular, elliptical 
and other curved shapes for frames, mounts and the 
like can be extruded by this process to a maximum 
diameter of 3 ft. Ooo0 





in. per stroke will give a good finish. The cutting tools 
should be ground with a cutting edge angle of 36 deg, 
a side rake angle of up to 30 deg-and a negative shear- 
ing angle of 45 deg. (See Fig. 2.) The tool should be 
so set that the cut is a shearing action from the surface 
backward and down. 

Milling and slotting: Standard metal-working milling 
machines are used. Cutting speeds should be 400 to 800 
surface fpm. The rate of feed should be 9 to 18 ipm. 
Milling cutters 6-in. diam with 8 teeth, with a rake of 
up to 10 deg are used. 

Slotting should be done with the end mill whenever 
posible. If a circular cutter must be used for any reason, 
it is best to use a side cutting mill instead of a plain 
type because of more chip clearance and less heating. 
Speeds of 450 surface fpm should be used with a feed 
rate of 20 ipm. 

Drilling: Standard drilling machines are used. These 
are vertical dnd horizontal and are of the single, gang 
or multiple types. Cutting speeds should be from 80 to 
150 surface fpm. The feed is usually by hand but in 
those cases where machine feed is used, the rate should 
be 0.002 to 0.003 in. per revolution. Frequent backing 
out of the drill from the hole will aid in removing chips 
and decrease the heat produced. Drills which are spe- 
cially designed for laminated plastics are used. These 
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drills have a very wide high polished flute and a high 
helix angle. The drill should be ground to a 90-deg 
point with a slight negative rake. For large holes in 
thin sections a fly or gasket cutter is also used. Cutting 
speeds of 80 to 100 surface fpm should be used. 


Boring Better for Large Holes 


Another method that is used for large holes is boring 
on a lathe. A starting hole is drilled and bored to size 
in the same manner as in metal. The boring tool should 
be ground with no back rake and a maximum relief 
angle under the cutting edge. A side rake of 13 deg 
and a cutting lead angle of 55 deg have been satis- 
factory. Since laminated plastics yield somewhat, it is 
necessary to drill 0.001 to 0.003 in. oversize, or to 
ream the hole oversize. As with all plastics materials, 
GMG and GSG material should be backed up with a 
piece of wood or other material so as to prevent the drill 
from breaking out. Where holes are drilled parallel to 
the laminations, supports should be clamped to the mate- 
rial to prevent splitting. 

If a limited quantity of duplicate drillings are re- 
quired, a template should be made with a top and 
bottom plate. Where there is a large quantity of 
duplicate drillings required, drill jigs with a slip bushing 
may be used. After the work is spotted, the bushings 
should be removed. This reduces the friction on the 
drill, also avoids high bushing replacement. Square or 
rectangular holes may also be cut with a DoAll saw, 
using a 44-in. 12-pitch blade with speeds of 60 fpm on 
l-in. sections and 50 fpm on 2-in. sections. 

Tapping and threading: Machine or hand tapping is 
used. Three-fluted or two-fluted spiral gun taps made of 
nitrided or chromium-plated high-speed steel are used. 
These taps should be ground with a negative rake of 
5 deg and should be from 0.002 to 0.005 in. oversize. 
Where machine tapping is used, the speed is 40 to 50 
fpm. Drill sizes are selected to leave 75 per cent of full 
thread. Threads on % in. and over stock are best cut 
by grinding. Threads can be chased in a lathe on 
solid stock. When chasing V-threads, the lathe com- 
pound is thrown around to 30 deg and the tool ground 
to cut on one side only. 

Counterboring and countersinking: Single-speed drill- 
ing machines are used. Cutting speeds of 40 to 75 sur- 
face fpm should be used. Hand feed is used. Carbide- 
tipped two-lipped cutters which have been ground with 
a negative rake of 10 deg should be used. The initial 
contact between the tool and material should be very 
light in order to cut the highly polished surface without 
cracking the edges. 

Punching and blanking: Standard punch press equip- 
ment is used. Punching speeds of 90 to 100 strokes per 
min should be used. Compound dies are most satis- 
factory and should be maintained so that here is a 
minimum clearance between punch and die to obtain 
clean edges. A pressure stripper with a slide fit is some- 
times required. The punch is made of Airdi 150 steel 
or a similar metal with a sheared fit. The stroke of 
the press should be so adjusted that the punch clears 
the blank out of the die at each stroke. Some shops 
heat the GMG or GSG material before punching 
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Cooperation at 
es ee, 
your fingertips. 


Sooner or later you'll need technical help on the 











materials, parts and components listed on this Pr etaer 


Be ready with needed information at your 


fingertips. Check below for useful literature of 


interest to you. . 


Fansteel engineer. 





















Electrical Contacts 


In all forms, for all purposes, 
made of all recognized materials, 
including tungsten, silver, molyb- 
denum, platinum metals Fasaloy* 
alloys and Fastell* compositions. 
*Registered Trade Marks 





Complete Contact Assemblies 


Electrical contacts assembled to 
springs, reeds, brackets or other 
supports, ready for use. 


PRODUCTS AND SERVICES INCLUDE: 
ELECTRICAL CONTACTS. ...SELENIUM RECTIFIERS, 
METALS: TANTALUM, TUNGSTEN, MOLYBDENUM, 
COLUMBIUM, COPPER BASE ALLOYS. 
RESISTANCE WELDING MATERIALS 
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Selenium Rectifiers 


Fansteel Selenium Rectifiers are 
known for long life, stable output, 
and rugged construction. Stand- 
ard rectifier stacks available for 
practically any D-C service. 





D-C Power Units, Battery 
Chargers, Sub- Assemblies 
Complete with transformers, con- 
trols, meters and housings, or any 
desired degree of sub-assembly. 


Fanstee 





THAT SERVES INDI 





DECEMBER 1950 





Tungsten and Molybdenum 


For ultra-special services requir- 
ing high strength or spring prop- 
erties at elevated temperatures; 
for vital functional parts of elec- 
tronic and X-ray tubes. Avail- 
able in wire, rod, sheet, bar, and 
fabricated parts 





Copper Base Alloys 


Fansteel ‘‘601"’ Metals, a series 
of high strength, high conduc- 
tivity alloys for current carrying 
members. Bar, rod, sheet, strip, 
castings and fabricated parts. 





Tempered Soldering Tips 


Last longer, boost production, 
save solder, save maintenance. 
Fansteel Soldering Tips are tem- 
pered; they do not soften at melt- 
ing points of common solders. 


Symbol of 
a Long Record 
of Integrity, 
Dependability 
and Service 
e 
For nearly 50 years the elec- 
trical industry has welcomed 
Fansteel's research and co- 
operation, and has looked 
to Fansteel for its specialized 
contributions of intricate 
and vital component parts. 


FANSTEEL 
METALLURGICAL 
CORPORATION 

North Chicago, 
illinois 
U.S.A. 





STRIES 









































Lower Cost Waterproof Motor 
Has Shielded Air Intake 


When electric drives for power plant auxiliaries 
mounted out-of-doors are subject only to weather 
hazards, use of a totally enclosed fan-cooled design 
is unnecessary and costly. To fill the need for a 
lower cost weatherproof drive, Elliott Co., Jeannette, 
Pa., designed both horizontally and _ vertically 
mounted motors with special shields which give ade- 
quate protection. Ventilating air inlet openings on 
the horizontal type are located on the sides of motor 
with the discharge between feet. On vertical type, 
air intake is through base of motor with discharge 
from sides. Both provide a straight-through path 
for high velocity wind and rain, bypassing the in- 
terior of motor. ood 





while others punch the material cold. In those shops 
where material is heated, it is brought up to a tem- 
perature of 225 to 275 F and then punched. 

All laminated materials yield somewhat when punched 
and as a result, the hole which is punched is slightly 
smaller than the punch. For sheets % in. thick the yield 
is from 0.001 to 0.002 in., and for % in. thick sheets the 
yield is from 0.002 to 0.004 in. For punching small 
holes, the punch should be made 3 to 5 per cent over- 
size. The minimum distance between the edge of the 
sheet and the edge of the hole should be equal to the 





Water purification 
is accomplished by 
ultraviolet radiation 
instead of chemical 
action in this water 
sterilizer made _ by 
Sepeco Corp., Potts- 
Four spe- 

cially constructed ul- 

traviolet tubes extend- 
ing vertically through 

a stainless steel tank 

provide enough irra- 

diation to purify wa- 

ter at a rate of 400 

gph. Steel baffles are 

used to force the wa- 
ter close to tubes as 
it flows from bottom 
to top. Protection 
against lamp or pow- 
' er failure is provided 
by a solenoid valve 
which shuts off water 
supply when the cir- 
cuit is incomplete or 
power fails. O OO 


town, Pa. 

















thickness of the sheet. 

smaller in diameter than the thickness of the sheet. 
Sawing and cutting: GMG and GSG materials are 

usually cut with abrasive-type wheels of silicon carbide 


Punched holes should not be 


and circular saws with diamond-tipped teeth. With 
these wheels, the material may be cut wet or dry de- 
pending .upon the facilities and requirements. Small 
quantities of GMG and GSG materials are usually cut 
with band saws equipped with metal cutting blades. 
Standard table saws, travel table saws and travel head 
saws equipped with the above mentioned abrasive 
wheels may be used. For stock up to 1 in. in thickness 
a solid abrasive wheel \% in. thick should be used and 
for stock over 1 in. thick a steel abrasive wheel % in. 
thick should be used. 

The following wheels are used with or without a 
coolant: Carborundum Brand Resinoid, Nos. C-207-T- 
BXRS, C-207-T-BX, C-205-C-4Z; Norton Resinoid 
No. 3720-P8T ; Bay State Resinoid No. 9CB2-20/3- 
LAC. These abrasive wheels are usually 12 to 16 
in. diam, and may be run up to a surface speed of 12,000 
fpm. For thickness up to 1 in., use feed up to 108 ipm: 
1 to 1% in., up to 48 ipm; 1% to 2% in., up to 24 
ipm ; and over 2% in., up to 9 ipm. These values apply 
when cutting lengthwise of the sheet. When cutting 
crosswise, the feed values should be reduced to one- 
half the listed values. 

Where band saws equipped with metal cutting blades 
are used, the blade should have 8 to 12 teeth per in., be 
of 21 to 23 gage, with a blade width governed by the 
radius of cut, and the teeth should be given a set to 
clear one-half the thickness of the blade on each side. 
The blade should be run at a speed of 2000 fpm. 

Filing: As most of the filing is performed on the 
edges and corners of sheets, any of the standard cut of 
files can be used. In filing across the laminations, the 
direction of filing should be such that the laminations 
are pressed together. Mill bastard or milled tooth 
files are used for beveling or deburring corners and 
edges of cut pieces. Flat or half-round files are used 
for fitting panels. Half-round and round files are used 
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Let’s face it eee every day the 


tempo of American industrial production 
accelerates to keep pace with a program of 
increasing national preparedness. Here at 
Monarch we are ready to serve industry and 
government requirements with a background 
of over 37 years of casting experience. 


.-- 300,000 square feet of manufacturing area devoted entirely 
to the production of * Aluminum Permanent Mold Castings 


* Aluminum Die Castings * Zinc Die Castings. 


..-Monarch pioneered in the development of 
aluminum permanent mold castings and today 
offers the most modern permanent mold pro- 
duction methods. 


---Monarch also offers a modern die casting 
division devoted exclusively to precision casting 
of aluminum and zinc. 


..-Monarch coordinates the production of both 
permanent mold and die castings under the 
supervision of two completely staffed engineer- 
ing departments to assure sound, economical 
casting design. 


--.Monarch uses complete physical and metal- 
Jurgical laboratory facilities to maintain highest 
quality control methods and inspection standards. 


..- Monarch services include finishing and assem- 
bly operations for individual permanent mold 
and die castings or complete product assembly. 
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...Monarch offers modern, company-owned 
toolroom, maintenance and warehousing facilities 
within a plant that is strategically located for 
rail, air or truck shipment. 


Here at Monarch we welcome the opportunity 
to work with you in giving the widest possible 
casting service, utilizing the full scope of our 
unique casting facilities. 


NOTE: This advertisement forms the nucleus of 
an interesting folder giving the complete story 
of Monarch’s facilities. We will forward this 
folder upon request. 


MONARCH ALUMINUM MFG. COMPANY « Detroit Avenue at W. 93rd Street ¢ Cleveland 2, Ohio 
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for deburring drilled or punched holes and other odd 
shapes. 

Grinding: Standard grinders, such as the Diamond 
Machine and the Cincinnati No. 2 centerless grinder, 
may be used. A 16-in. diam Resinoid Bonded No. 35 
abrasive wheel for the first cut and a Resinoid Bonded 
No. 50 abrasive wheel for the finish cut, run at a sur- 
face speed of 11,000 fpm should be used on the center- 
less grinder. Feeds should be 0.005 in. for the first cut 
and 0.002 in. for the finish cut. 

Sanding: Standard endless-belt type of sanders may 
be used. The belt should be of 24 to 80 grit and is run 
at 2700 to 3500 surface fpm. Feeds of 0.005 in. should 
be used for the rough cut and 0.002 in. for the finish 
cut. A drum sander or a disk-cylinder type may also 
be used for sanding purposes. 

Beveling: Beveling may be done with a carborundum 
wheel 16 in. diam, 1% in. thick, of No. 20 grit, and 
ground to the correct bevel. The wheel is run at a 
surface speed of 7500 fpm with a rate of feed of 24 ipm. 

Deburring: Where necessary cut edges are deburred 
with a standard hand tool. Abrasive points, ‘60-grain 
size, may be used and should be run at 13,000 rpm. 

Shearing: Standard metal squaring shears either foot 
or power-operated may be used. GMG and GSG mate- 
rial up to 3% in. thickness may be sheared. Material 
4, in. thick is sheared cold and the thicker material 
should be heated before shearing. For shearing large 
quantities of material, the blade should usually be 
faced with No. 6 Stellite. 


Servo Regulates Rectifier Voltage 


In the design and production of d-c powered equip- 
ment a well regulated power supply is needed for test- 
ing. Batteries have been used for this purpose but 
they have poor regulation, decrease in voltage with use 
and present a maintenance problem. To fill the need for 
a well regulated source of d-c power, Mellaphone Elec- 
tronic Rectifier Co., Inc., Rochester, N. Y., developed a 
selenium-rectifier power supply with an automatic volt- 
age control, Fig. 1. Output has 1.2 per cent ripple; 


Variable 
transformer 


Fig. 1—Differential between amplified output voltage 
and a reference voltage controls thyratrons that supply 
power to servo motor and change input voltage. 
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“Raise” 
contacts 
contacts 


Vo/tage 
adjusting 
potentiometer 


Contro/ 
resistor 


/10-volt Tube 


oS . D-c source 
power cies 


regulated 
O+ 


Fig. 2—When output voltage increases, voltage drop 
across tube I decreases and tube 3 is fired energizing 
relay. Tube 4 is fired if output voltage decreases. 


voltage control has a sensitivity of + 50 microvolt with 
a recovery rate of % volt per sec. 

Essentially the control is a closed-loop servomechan- 
ism, Fig. 1. Power is fed through a variable-voltage 
autotransformer to rectifiers. A voltage-sensing element 
is connected across the output of rectifiers. Change in 
output voltage is amplified and compared with a refer- 
ence voltage. Differential is fed to a pair of thyratrons 
which control a servo motor on the variable transformer 
to change the input voltage and bring voltage to normal 
or regulated value. 

As shown in simplified control circuit diagram, Fig. 
2, a potentiometer is connected across the d-c output of 
the rectifiers with tap connected to grid of tube J. 
With output voltage at desired value, the potentiometer 
is adjusted until grid potential is such that voltage drop 
across tube 7 is equal to voltage across tube 2 (refer- 
ence voltage). Tubes 3 and 4 are biased in such a 
manner that they will not conduct when this condition 
exists. When output voltage increases, voltage drop 
across tube 1 decreases causing grid of tube 3 to be 
positive with respect to its cathode. This condition 
fires tube 3 and energizes relay. Contacts of relay close 
the motor circuit which changes setting of autotrans- 
former until d-c output voltage has been restored to 
correct value. ooo 


Field Wire Combat Tested 


A new type military field communication wire re- 
cently developed by the Army Signal Corps, and now 
being produced in quantity by industry, has withstood 
all combat conditions encountered in Korea. It can be 
laid at speeds up to 120 miles per hour from airplanes, 
and represents a successful effort by Army Signal 
Corps engineers to combine the talking range and elec- 
trical characteristics of standard field wire with the 
reduced size and easy carrying of assault wire used by 
fast-moving troops. It is particularly suited to airborne 

(Continued on page 198) 
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How RCA Engineering in Depth 


® RCA Engineering in Depth begins 
with basic research, progresses 
through design and production, and 
ends with the field engineering 
group, right at your doorstep. 


It is important to you because the 
collective experience of these en- 
gineering groups works unceasingly 
toward solutions of your problems 

. through the development and 
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application of improved electron 
tubes and components . . . and 
through a personal and confidential 
appraisal of your specific require- 
ments and their translation into 
practical, economical equipment. 
When you deal with RCA, you are 
dealing with the most seasoned, 
highly integrated, and extensive 
electronics engineering force in the 


field. The vast and impressive ex- 
perience of this group accounts for 
RCA’s engineering leadership in 
the development of better tubes 
and components in advance of the 
market. 

To put RCA Engineering in Depth 
to work for you. . . just phone or 
write RCA, Commercial Engineer- 
ing, Section L41R, Harrison, N. J. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES AND COMPONENTS 


HARRISON, HN. J. 





Application and performance data for 


| c| | MATERIALS and COMPONENTS 


for designed-tn use 


SOLENOID MOTOR HAS SPEED RANGE FROM 0.5 TO 100 RPM 


OW-SPEED a-c solenoid motor, Magnerotor, has no 

backlash and does not coast after power is removed; 
particularly applicable as output member for servomechan- 
isms. Motor can be reversed readily ,and speed can be 
controlled easily. Starting torque is high; at 35 watts in- 
put starting torque for 1-rpm model is 80 lb-in. Essentially, 
motor consists of two solenoids connected together on a 
common shaft, a spring clutch and a worm and gear. 
Translational motion produced by the solenoids is converted 
to rotational motion by a specially designed spring, mounted 


on the worm shaft, which grips shaft in one direction and 
slips in the other. These short, fast impulses produce con- 
tinuous rotation. Other solenoid, when energized, produces 
reverse rotation. Solenoids can be energized with 25, 60 
cycle or with a half-wave rectifier operating on 60 cycles. 
Speed can be changed either by varying the voltage with a 
variable autotransformer or rheostat, or varying the fre- 
quency by inserting a half-wave rectifier in circuit. Stand- 
ard model has a die-cast housing, requires no oiling and 
will operate over a wide temperature range. Models are 
available for operation on 6, 24, 115 or 220 volt. Motor with 
standard 50:1 gear reduction has a speed of 34 rpm on 60 
cps and 1% rpm on 30 cps; can be supplied with other 
reductions. The Viking Tool & Machine Corp., 2 Main St., 
Belleville 9, N. J. 


LINEAR AND NONLINEAR PRECISION POTENTIOMETERS 


REE types of winding, ring, torodial and card, are 
used in line of precision potentiometers for instrumenta- 
tion and servomechanism applications. All potentiometers 
in line are designed to comply with General Specification 
for Electronic Equipment, AN-E-19. Windings are of 80 
Ni-20 Cr alloy having a temperature coefficient of resistivity 
of 0.00014 ohm per deg C. Other available winding materi- 
als have temperature coefficients ranging from 0.00038 to 
0.00002 ohm per deg C. Long-time operating temperature 
range for the line is —55 to 55 C; 30-min rating is 71 C. 
Brush contacts are palladium-platinum-gold-silver-copper 
alloy. All aluminum parts are anodized and shafts are 
centerless-ground stainless steel. Bearings are either ball 
or sintered bronze. Insulation is mineral-filled phenolic or 
melamine, fungus-proofed to meet JAN-T-152 specification. 
In ring-type potentiometers, wire is wound on a plastics- 
coated copper rod and then formed into a ring; in torodial 
type wire is wound on a molded. phenolic cylinder. 
Ring-type potentiometers have a resistance range from 
80 to 500,000 ohm with ratings from 1.5 to 12 watts. 
Resolution, or percentage change in resistance*from turn to 
turn, is from 0.261 to 0.0087 per cent, and linearity ranges 
from +0.30 to +0.10 per cent. Tolerance on standard 


To aid readers in placing their needs and problems before sup- 
pliers without a delay, complete mail address is given for 
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models is +10 per cent, but tolerances as low as +1 per 
cent can be furnished. Maximum useful angle in different 
models ranges from 350+'% to 358+% deg. Standard shaft 
is 0.2495 in. diam with 34-in. single extension. Diameter of 
ring-tvpe potentiometers ranges from 1% to 5 in. Expected 


each item in this department. In writing to the manufacturer, 
please mention ELECTRICAL MANUFACTURING as your source. 
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@ Yes...but that’s only part of the story 


Anyone with a press large enough might mold a big plastic part. 
But... how many... how fast...and how consistently perfect? 

Here at Chicago Molded the volume production of extra large 
plastics parts is a substantial part of our business...and has been 
for years. We have a knowledge of methods, materials and tech- 
niques that comes only through experience. We have every needed 
type of equipment including giant presses of the most modern de- 
sign for compression, injection and plunger molding. So...size 
and quantity present no problem. 

For instance, the large Motorola TV cabinet measures 1734” x 
1914” x 18%" and weighs 22 lbs. net. Yet we’re turning out hund- 
reds of them every day. Many of the large parts shown below were 
first produced years ago and some are still in production. No... 
quantity is no problem. You say how many and we'll deliver as 
fast as needed to meet your schedules. 

As for quality...we have but one standard...the best in molded 
plastics. It’s a standard that has caused the biggest names in industry 
to select Chicago Molded as a primary source of supply year after 
year. So...why not discuss your next job with a Chicago Molded 
engineer? There’s no obligation...and you'll find it time well 
spent. Just write or phone. 


CHICAGO MOLDED PRODUCTS CORPORATION 
1046 N. Kolmar Ave., Chicago 51, Illinois 


COMPRESSION, INJECTION AND PLUNGER 
MOLDING OF ALL PLASTIC MATERIALS 
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life is a million cycles. Mounting is by tapped holes. 

Torodial-type potentiometers have a full continuous 
winding which is active through 360 deg. Wide variety of 
styles available within the following general limitations: 
rating, 15 watts; resistance, 500 to 25,000 ohm; resolution, 
0.06 to 0.2 per cent; linearity, +1 per cent with multiple 
taps, +% per cent with end taps only; and torque, 2 oz-in. 
Units have two brushes 180 deg apart. Potentiometers can 
have up to 6 external connections, either 4 winding taps 
and 2 brushes or 5 winding taps and 1 brush. Measures 
2%e6 x 3 in. diam; shaft diameter is 0.2495 in., 34-in. exten- 
sion. Standard rotational speed is 100 rpm. 


OMBINING good insulation resistance with good 

physical properties, Insurok grade T-812 paper-base 
phenolic laminate is especially suitable for high frequency 
electrical applications requiring intricately shaped parts 
with good humidity resistance. Low cold flow of material 
makes possible firm anchoring of pressure-type metal inserts. 
Insulation resistance is 1 million megohms after many 
alternate cycles of exposure to dry heat and humidity. As 
shown in table, power factor, dielectric constant and loss 






Thickness of material tested, in. i 


Moisture absorption, per cent in 24 hr 0.38 
Expansion, after 24 hr immersion in water 
at 77 F, in. 

center 0.0001 

edge 0.0002 
Tensile strength, psi 

edgewise 19,500 

flatwise 14,500 
Flexural strength, psi 

edgewise 23,000 


flatwise 18,000 





















































ONSISTING of a pre-assembled nut and lockwasher, 

Kep fastener reduces assembly time and simplifies 
stocking and material handling. Lockwashers used are of 
the external-tooth type with a special lip for pre-assembly 
to the nut. Types of nuts available are American Standard 
Light, American Standard Machine Screw and American 
Standard Regular Nut Series. Design of fastener is said to 
provide greater contact between the bearing surface of nut 
and locking teeth of washer. Location of a properly matched 
washer under every nut is assured. Lip of lockwasher pilots 
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PAPER-BASE PHENOLIC LAMINATE FOR USE AS INSULATION 


TORQUE MOTOR WITH TRANSLATORY MOTION 


PRE-ASSEMBLED NUT AND LOCKWASHER COMBINATION 








Card-type potentiometers are usually wound to generate 
sine or cosine functions, but can be wound to produce 
haversine, tangent, secant and other nonlinear continuous 
functions. Resistance for the card-types ranges up to 
35,400 ohm +1 per cent with up to 99 + per cent of the 
resistance within the brush circle. Approximately 2 oz-in, 
torque is required for rotation. Other maximum specifica- 
tions: resolution, 0.2 deg; angular accuracy, +0.5 deg; 
amplitude accuracy, +0.6 per cent; maximum voltage 
across winding, 350 volt; maximum speed, 60 rpm; and 
expected life, 200,000 cycles. The Gamewell Co., 1238 
Chestnut, Newton Upper Falls 64, Mass. 


factor deviate slightly when subjected to 90 per cent RH 
at 104 F for 96 hr. When sanded or ground to close 
tolerances, material shows a negligible change in electrical 
properties. When heated properly to temperatures of 200- 
250 F, laminate punches readily into intricate shapes. Avail- 
able in 36-in. wide sheets, 36, 42, 59, and 72 in. long. 
Standard thicknesses furnished to NEMA tolerances; also 
close tolerance sheets. Strips or parts fabricated to specifica- 
tions. The Richardson Co., 2799 Lake St., Melrose Park, III. 


Dielectric strength, perpendicular to lamina- 





tions, vpm 
short time 725. 
step-by-step 625. 
At After 96 hr at 
Properties at 1 mec room condition | 90% RH at 104F 
Power factor 0.028 0.030 
Dielectric constant 4.4 4.5 
Loss factor 0.13 0.14 










YPE 35-1 torque motor is an electro-mechanical de- 

vice using electric current to produce a backlash-free 
translational motion suitable for displacing the piston on a 
hydraulic amplifier. Electro-mechanical servomechanisms 
incorporating this torque motor can have natural frequen- 
cies up to 100 cps. Motor has high speed of response, high 
output torque, immunity to environmental accelerations, 
and low driving power. Input of 1 ma produces a motor 
shaft movement of about 0.001 in.; maximum linear move- 
ment is +0.004 in. Locked-rotor torque output is 4 lb for 
a differential current of 5 ma. When used with normal 
pilot-valve load of 0.02 lb, device has a response time of 
about 1 millisec. Torque motor may be connected directly 
in the plate circuit of a push-pull amplifier. Weight is 17 
oz, volume is 12 cu in. Trans-Sonics, Inc., Bedford Airport, 
Bedford, Mass. 





Fasteners are made of steel 
with hexagon heads and 
standard thread lengths. 
Machine Screw Nut shown. 
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The 
arestevas were 


behind Kopp products 






Checking a lens for 
beam accuracy in the 
Kopp laboratory. 


brings the results 


you want 


Glass can give your product extra sales values—beauty, 
durability, wear resistance, color. But this hard, strong, 
non-rusting material should be engineered specifically 
for your application if it is to be most effective! 

Kopp products are engineered and made for you 
—scientifically designed, accurately manufactured and 
meticulously inspected. You can depend upon the quality 
of Kopp glass. 

Kopp engineers will gladly work with you in develop- 


ing glass parts for your products. 
KOPP GLASS, rc. swssve 
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“™ 
Typical Kopp Lenses 








nut into proper thread engagement position. Lockwasher 
portion of fastener is free to rotate but cannot drop off. 
Nuts have Class 2-B threads. Sizes: Light Nut type, %-28 
to %-20; Machine-Screw Nut type, 6-32 to %4-28; and 
Regular Nut type, 4-20 to %-13. Shakeproof Inc., Div. 
Illinois Tool Works, 2501 N. Keeler Ave., Chicago 39. 


GASKETED LOOM-MOTOR STARTER 


Primarily for application on textile machinery, loom- 
motor starter has a semi-dust-tight NEMA type 1A en- 
closure to exclude lint. Polyphase motors with ratings up 
to 7% hp 600 volt can be controlled with starter which 
also provides overload protection. Rotary-action, slam- 
proof handle mechanism operates an over-center toggle 
mechanism that gives quick-make and quick-break contact 
action. Overload device is a bimetal disk relay. De-ion 
chutes extinguish arcs within % cycle. Line terminals can 
be provided at either top or bottom of enclosure. Self- 
indicating, close-fitting handle can be locked in either on 
or off position. Cover latch which has provision for lock- 


<i 


ing, holds cover tightly against neoprene gasket; cover 


cannot be opened unless starter is off. Westinghouse Elec- 
tric Corp., P. O. Box 868, Pittsburgh 30. 


VARIABLE-SPEED DRIVE 


Fractional-horsepower variable-speed drive, Model 
#OOED, consists of a standard a-c squirrel-cage motor, 
. + . 
two standard d-c motors and a differential gear box. A-c 


motor is coupled to both d-c motors through differential gear 


box; d-c motors are connected in a closed loop and require 
no outside source of power. Maximum output speed of 
the %-hp non-reversing model is from 250 to 1000 rpm for 
direct coupling. Minimum output speed in all cases is zero, 
although motors are not stopped. Maximum torque is ob- 
tained at zero speed with gradual decrease as output speed 


increases; torque reaches rated value at rated motor 
speed. A %-hp reversing model can be supplied with out- 
put speeds from +150 to +600 rpm for direct coupling. 
Speed reversal occurs with smoothness; all reversing 
occurs in the differential and none of the three motors 
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reverse when output shaft is reversing. Drive is controlled 
by standard potentiometers and rheostats. Speed Control 


Corp., Wickliffe, Ohio. 
LONG-SCALE SWITCHBOARD INSTRUMENTS 


Line of 834-in. long-scale 
switchboard instruments, 
types AB-16 and DB-16, 
has 250-deg scales 14.2 in. 
long for legibility. Scale 
is mounted flush with front 
of case, a protruding con- 
vex-type glass cover pro- 
viding clearance for both 
scale and pointer. Cover 
overhang, major cause of 
shadows, is eliminated. In- 
struments are housed in 

dust-proof, moisture-resistant cases designed for flush mount- 
ing. Cases have a steel shell with a plastics base and die-cast 
cover. Bearings are shock resistant and jewels are spring 
mounted to protect pivot point against shock. Meter & 
Instrument Div., Apparatus Dept., General Electric Co., 
1 River Rd., Schenectady 5, N. Y. 


SLIP CLUTCH 


For maintaining constant tension or constant torque on 
winding operations, slip clutch can be used on winding 
drives in printing, paper making, plastics, wire and textile 
machinery. Clutch can also be used as a safety device for 
overload protection or to maintain constant torque regard- 
less of driving speed. Single, double, and triple clutch- 


plate constructions are available; plates are ventilated and 
have cooling fins. Pressure springs have a long deflection 
range for accurate adjustment. For constant-tension appli- 
cations, adjusting nut is replaced by a sliding collar to 
permit adjustment while clutch is in operation. Models are 
available with a disk spring and metallic friction plates in 
a compact design to fit in a small space. Iron or aluminum 
castings and steel are used for the parts, and exposed sur- 
faces can be cadium plated. Clutches are offered in sizes 
from 23% to 27 in. diam with torque ratings up to 10,000 
lb-ft and heat capacities up to 8% hp. Hilliard Corp., 102 
W. Fourth, Elmira, N. Y. 


NICKEL-CLAD COPPER WIRE 


Applicable as lead-in wires for electrons tubes, heating 
appliances, infra-red ovens, resistance and induction fur- 
naces, nickel-clad copper conductor has an electrical con- 
ductivity 70 per cent that of copper and does not oxidize, 
flake or embrittle under high temperatures encountered 
during stem making, sealing and exhausting of electron 
tubes. Nickel-clad copper wire can be welded to molyb- 
denum and tungsten as well as to itself; welds are strong 
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General Plate Contact 
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Materials Save Costs, Improve Product Performance 


The big advantage of General Plate Laminated 
contact materials is that they give you solid silver 
performance at a fraction of the cost of solid silver. 
Why — because General Plate permanently bonds 
a layer of silver to suitable inexpensive base metal, 
thus providing a contact face of high electrical 
conductivity. 


General Plate Laminated silver raw stock, for 
your own fabrication, is available with silver 
bonded to base metal in various combinations... 
overlay, single or double inlay, single or double 
edgelay and elevated stripe. 


General Plate contacts and fabricated assemblies 
are made to customers’ specifications. Laminated 
contact buttons, rivets and screw type contacts are 
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also obtainable. Advantages include: — long con- 
tact life, greater strength, easier fabrication and 
easier soldering, brazing or spot welding. Write 
for information. 


General Plate Products Include 


Truflex Thermostat Metals... Precious to base 
metal laminations... Base metal laminations... 
Alcuplate (copper and aluminum) .. . Silver solders 
... Laminated contacts, buttons, rivets... . Plati- 
num-fabrication-refining ... Age-hardening Man- 
ganese Alloy 720. 


General Plate 


Division of Metals and Controls Corporation 
412 FOREST STREET, ATTLEBORO, MASSACHUSETTS 


127 





and flexible. Available in round and flat wire, coils or 
spools, solid or stranded, in all commonly used sizes; rods 
from % to 0.031 in. diam. Alloy Metal Wire Co., Inc., 
Moore Station, Prospect Park, Pa. 


TAP-CHANGING TRANSFORMERS 


Applicable as input controls for electric furnaces and 
general variable-voltage control, 26-step tap-changing trans- 
formers can be furnished in 750-, 1700- and 3500-watt rat- 
ings; a 5000-watt model has 72 steps. All transformers 
operate from a 60-cycle supply. Asbestos heater cord and 


plugs are supplied on 750- and 1700-watt models. Trans- 
formers with higher wattage ratings are designed for in- 
stallation with rigid or flexible conduit. All coils are treated 
with a moisture- and corrosive-resistant varnish in a vacuum 
impregnation process. Hevi Duty Electric Co., 4212 W. 
Highland Blvd., Milwaukee 1, Wis. 


HERMETICALLY SEALED RELAY 


Aircraft-type hermetically sealed 

Diamond H relay is built to withstand 

shocks up to 50 g and to operate in 

temperatures from —65 to 200 C. 

Ratings for the 4PDT contacts are 2 

amp 28 volt d-c; and 2 amp 115 volt 

400 cycle. Overload rating is 12 amp 

28 volt for 20 sec. Coil is rated 28 

volt d-c and draws 0.1 amp; coil re- 

sistances of 300 and 150 ohm. Stand- 

ard terminals are solder lugs but plug- 

in type may be obtained. Relays can 

be supplied with special voltage and 

current ratings, other contact arrange- 

ments and other operating temperature ranges. Relay 
weighs only 3.5 oz and volume is 1.5 cu in. The Hart 
Manufacturing Co., 110 Bartholomew Ave., Hartford, Conn. 


MAGNETIC-POWDER CLUTCH 


Designed for servomech- 
anisms and other devices 
where an output speed pro- 
portional to input current is 
required, magnetic-powder 
clutch has a rated output of 
40 lb-in. static torque. Be- 
low the point of saturation 
of the powdered iron, torque 
output vs excitation is a 
linear function except in the 
vicinity of zero excitation; by energizing each coil with a 
quiescent current of 1 ma, torque-excitation relationship 
may be made linear. With quiescent current, static torque 
varies from zero at zero excitation to 50 lb-in. at 8-ma 
excitation. Clutches are available for operating tempera- 
tures up to 250 F. D-c resistance of clutch coil is 10,000 


128 


ohm at 77 F. Clutch can be controlled by connecting the 
coil in the plate circuit of miniature electron tubes con- 
nected in push-pull. Overall dimensions of the clutch are 
2.104 x 2.229 in. diam. Lear, Inc., 110 Ionia Ave., 
N.W., Grand Rapids 2, Mich. 


MACHINE TOOL COMBINATION STARTER 


Steel-enclosed combination starters conforming to J.I.C. 
standards are available in both fusible and nonfusible types. 
Drip channel across top and around sides of enclosure and 
neoprene gasket on door prevent liquids from entering. 
In accordance with J.I.C. standards, enclosure contains no 
knockouts or mounting holes but has an outside mounting 
bracket. Included is prescribed machine-tool type trans- 
former with 230/460-115 volt multiple-rated primaries. 
Transformer has built-in short-circuit protection and ter- 
minal board. A-c magnetic contactor has vertical-lift con- 
tact assembly riding in self-lubricating bearings. Disconnect 
switch mounts fuses on front giving a visible indication 
that switch is in the OFF position when door is opened. 
Up to 4 interlocks or interconnecting circuits can be 
furnished. Interlocks may be changed from NO to NC with- 


out adding parts. All circuits are color coded. Control Div., 
Apparatus Dept., General Electric Co., 1 River Rd., Sche- 
nectady 5, N. Y. 


IMPREGNATING AND DIP COATING WAX 


High melting point impregnating and dip coating wax, 
R-4005, is for coils, transformers, and capacitors. Wax has 
low impregnating viscosity, good electrical properties, 


Melting point, F 260-265 


Cold flow, F 

Color 

Application temperature. F 
Specific gravity 

Flash point, F 

Power factor 

Dielectric constant 


resistance to low-temperature crazing, good transparency 
and good adhesion. Operating temperature range from —40 
to 105 C. Properties as shown in chart. Mitchell-Rand 
Insulation Co., 51 Murray St., New York 7. 


FRICTION AND RUBBER TAPES 


Line of electrical tapes includes three types of friction 
tape and two types of rubber tape, all available in 34-in. 
widths. Non-raveling black friction tape, Hi-Value, is con- 
structed of four layers of rubber insulating compound im- 
pregnated into fabric sheeting. Tape meets ASTM specifi- 
cations and is supplied in rolls, 41% and 82% ft long. Less 
expensive black friction tape, 4 Star, is constructed of 
four plies of good insulating compound, two plies on each 
side of a cotton sheeting fabric. Furnished in rolls, 25 and 
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For Drawings That Wont 
Get ‘EDGY’ With Age... 


Specify Arkwright Tracing Cloth! Then you can be 
sure that no matter how often a master drawing is 
yanked out of the cabinet, it will never become 
ripped, or paper-frayed around the edges to spoil 
your work. 


Arkwright Tracing Cloth is the best insurance 
you can get that your drawings will never go 
brittle, discolor or become opaque with age. Best 
insurance, too, that original drawings are always 
sharp, clean and ghost-free. Erasures on Arkwright 
cloth re-ink without feathering. And every roll is 
carefully inspected for pinholes, thick threads or 
imperfections of any kind. 

All good reasons for you to remember: if a 
drawing is worth saving, put it on Arkwright Trac- 
ing Cloth. Would you like a sample? Write Ark- 
wright Finishing Company, Providence, R. I. 








68 ft long. General-purpose black friction tape, J-M, con- 
sists of four plies of cotton sheeting impregnated with 
rubber insulating compound; rolls of 4%4, 10%, 22% and 
60 ft. Self-welding Hi-Value rubber insulating tape fuses 
into solid insulation when applied. Contains natural rubber 
and meets ASTM specifications. Rolls 15 and 30 ft long. 
General-purpose Brooklyn rubber tape fuses into a solid 
bond and is available in rolls of 9 and 18 ft. Johns-Manville 
Corp., 22 E. 40th St., New York 16. 


PRECISION GEAR BOX 


For instrumentation applications and servomechanisms, 
Hi-Reduction gear box has an efficiency of 90 per cent and 
is said to have practically no backlash during life. Ratios 
range from 20:1 to 3125:1. Gears are made from 24S-T 
aluminum with teeth cut to 72 diametrical pitch with 20- 


deg pressure angle. Shafts and pinions are made of stainless 
steel. Class 7 ball bearings are used throughout. Output 
shaft diameter is 0.250 in. and input shaft has %e in. 
slotted pin coupling on a ‘46-in. shaft. Anodized-aluminum 
housing measures 3% x 3% x 2%p in. for all ratios. Link 
Aviation, Inc., Nowlan Rd., Hillcrest, Binghamton, N. Y. 


26-VOLT D-C MOTORS 


Line of high-speed 26-volt d-c motors are available in 
continuous-duty models rated up to 0.5 hp and intermittent- 
duty models rated up to 2 hp. Motors are corrosion resistant 
and are designed to operate over an ambient temperature 


range from —65 to 165 F. Speeds up to 15,000 rpm. Motors 
are available with clutches for positioning, electromagnetic 
brake, thermal overload protection, flange or base mounting 
and radio noise filter. Lear, Inc., Electro-Mechanical Div., 
110 Ionia Ave., N.W., Grand Rapids, Mich. 


HAMMER-EFFECT FINISH 


One-coat hammer-effect finish, Un-i-loid, is applied by 
spraying at the same pressure as regular enamels. Fin- 
ish is available in a full range of colors and in types for 
either bake or air dry. Baking time is 20 min at 300 F 
in a gas oven, 8 min under infra-red lights. Air-dry 
type is dust free in a few minutes and can be handled in 
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CLE VELITE* 
and 
COSMALITE* 


.. . a Spirally Laminated Paper Base Phenolic 
Tubing, meet the most exacting requirements 
of precision equipment of the finest manu- 
facture. 


You state your needs . . . our Laboratories will 
send you samples. 


Our large production facilities are at your com- 
mand. Our low cost quantity prices will sur- 
prise you. Immediate attention given your in- 
quiry. 


LAMINATED PHENOLIC 


TUBING 


Note the endless variety of shapes, sizes, 
lengths, diameters and wall thicknesses shown 
in even these few samples . . . as now being 
manufactured by us for Motors — Relays — 
Transformers — Fans — Switches — Trans- 
mitters — Controls — Bobbins and almost end- 
less other purposes. 


What are YOUR 
Requirements? 


*Trade Marks 


TeCLEVELAND CONTAINER A 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jamesburg, N. J. 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 


WRITE for our 
Special Folder 
on SPARE PARTS 
and other 
PACKAGING 


REPRESENTATIVES 
R. T. MURRAY, 614 CENTRAL AVE,, EAST ORANGE, N. J. 


R. S. PETTIGREW & CO., 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 


WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 


NEW YORK AREA 
NEW ENGLAND 


CANADA 
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WHAT'S THE FASTEST 
WAY TO CLEAN METAL? 
See page 11 


WHAT'S THE MOST 
ECONOMICAL WAY? 


New FREE Booklet 
“Some good things to 
know about Metal Cleaning’’ 


answers many questions that mean better production, 
more profit for you. Just look at the table of contents: 


Tank cleaning methods Paint-stripping 
Machine cleaning methods Steam-detergent cleaning 
Electrocleaning steel Barrel cleaning 
Electrocleaning nonferrous Burnishing 
metals Better cleaning in 
Pickling, deoxidizing, hard-water areas 
bright dipping 


Pre-paint treatment in 
machines, in tanks 
and by hand 


Treating water in 
paint spray booths 


Rust prevention 
Machining and grinding 


FREE For this 44-page illustrated booklet, write 
Oakite Products, Inc.,18H Thames St., New 
York 6, N. Y. 


Technical Service Representatives in Principal Cities of U. S. & Canada 


OAKI 


ee 


SPECIALIZED INDUSTRIAL CLEANING 
MATERIALS « METHODS + SERVICE 


A NEW Timer Relay 


RACTICALLY non-breakable, 
steel-clad Durakool "fixed time”, 
Timer Relay with mercury to mercury 
contact operates in “sealed-in" hy- 
drogen under pressure. Tamper-proof 
delays available from .15 to 20 
seconds in either normally open or 
normally closed actions. Millions of 
contacts assured. 
No false contacts 
No chatter 
Quiet in operation 
Eliminates double contact- 


ing or breaking of circuit 


Send for bulletin 800 


Durakool 


BO 2 Ses aa De 


Kelaya. 


See Telephone directory for local distributor 
or write 


DURAKOOL, INC.—Elkhart, Indiana 





an hour; dry hard overnight. United Lacquer Mfg. Co., 
1001 W. Elizabeth Ave., Linden, N. J. 


DUST-PROOF MOTOR STARTING SWITCH 


Applicable to fhp, single-phase, capacitor-start motors, 
dustproof centrifugal starting switch has semi-enclosed 
contacts. Switch is same as previous type made by manu- 
facturer, except for contacts, and no changes are required 


in internal or external motor dimensions to accommodate 
dust-proof switch. Contacts are shielded; insulating and 
metal washers are held firmly against lower rim of shield 
by a spring arrangement. The Emerson Electric Mfg. 
Co., 8100 W. Florissant Ave., St. Louis 21, Mo. 


ROTARY ACTUATOR 


Adaptable to use as valve actuators, Models R-430 and 
R-440 Rotorette actuators have load-limiting switches 
which may be adjusted to any setting up to 50 lb-in. Mo- 
tion between travel limits is controlled by adjustable posi- 
tive stops which cause a reaction on load-limit switches. 


Model R-440 is similar to R-430 except provision is made 
for a position indicating potentiometer or intermediate 
position switch. Both units are designed to meet AN-M- 
40 requirements including radio noise filter and integral 
brake. Airborne Accessories Corp., 25 Montgomery St., 


Hillside 5, N. J. 


ROLLER-PLUNGER SWITCH 


For machine tools or other 
apparatus in which electrical 
control is to be initiated by 
movement of a cam or dog, 
type MXR snap-action preci- 
sion switch is capable of ab- 
sorbing over-travel up to %2 
in. Threaded bushing provides 
for single-hole mounting and 
permits accurate positioning 
of roller plunger in relation to 
operating mechanism. Roller 
in plunger is stainless steel. 
Ratings are 15 amp 125 volt 

and 5 amp 250 volt a-c noninductive; 20 amp 115 volt, 15 

amp 230 volt and % hp at 125/250/460 volts a-c non- 

inductive; and 10 amp 125 volt d-c or a-c noninductive. 
Also available is a terminal adaptor for manufacturers’ 
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line of precision snap-action switches which provides front- 
facing screw terminals for accessibility. Terminals have No. 
6 cadmium-plated screws of the binding head type. Screws 
are not staked in. Unimax Switch Div., W. L. Maxson 
Corp., 460 W. 34 St., New York 1. 


PULL-TYPE SOLENOID 


Double shading coils reduce hum in Model type TT 12800 
pull solenoid. Continuous-duty pull ranges from 6 Ib at 
nominal stroke of 134 in. to 16 lb at \%-in. stroke; corre- 





BULL'S-EYE 
ae 
D4 pe ee 
PERFORMANCE | sponding pull on intermittent duty ranges from 11 to 29 


lb. Can be furnished to operate on any a-c voltage and 
frequency. Solenoid measures 26 x 234 x 2% in Soreng 
Manufacturing Corp., 9555 Eden Ave., Schiller Park, Ill. 


PANEL METERS 


Rectangular panel meters 

"ervrtrnrnrnesnennnenesvetnret’ with phenolic cases are 

available in 4%4-, 3%4- and 

2¥%-in. sizes with 3.9-, 2.6- 

and 1.9-in. scale lengths, re- 

spectively. Meters have one- 

piece, clear “unbreakable” 

plastics front cover, two 

vertical decorative chrome 

strips and open scales. D-c, 

r-f, rectifier and a-c types 

“ON E i: RACEWAYS : available. Accuracy for the line is 2 per cent with excep- 

tion of a-c types which have an accuracy of 5 per cent. 
Simpson Electric Co., 5216 W. Kinzie St., Chicago 44. 


Twenty-five leading electric 
ee | VARIABLE-SPEED DRIVES 
bull’s-eye performance when they specify Integral combinations of standard miniature variable- 
and use Hoover Ball Bearings with honed and fixed-ratio drives are for low-power applications re- 
raceways. For their money they get amazing |= | quiring both speed reduction and variable speed. Small, 
quietness plus 30% greater load capacity . . . 
90% longer life . . . reduced end play . . . 
reduced radial displacement . . . increased 
resistance to Brinneling . . . uniformity 
and permanence of fit-up . . . freedom from 
vibration . . . precision of dynamic balance. 
We invite you to join the ranks of the 
growing list of distinguished users 
of Hoover Ball Bearings. 


fe 
a 


THE ARISTOCRAT 


| 
i 


Write for your copy of the 


Hoover Engineering Manual. 


completely sealed combination units are rated at 2 lb-in. 
torque. Applications include timers, recorders, controllers, 
computers and indicating mechanisms. By combining a 
variable-ratio unit with a proper fixed-ratio unit, a variable 
output speed is obtained at any desired nominal speed, 
and is infinitely adjustable from 1/6:1 to 6:1. Features 
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A motor engineered for compact 
assemblies . . . as computing ma- 
chines and other types of motor 
driven office equipment, 





Face mounted, pinion shaft motor 
for applications where high torque 
is required at high speed. 


Universal motor parts for portable 
electric tools, garage equipment 
and other industrial devices. 








Pocket-size gear motor for machine 
applications requiring low output 
shaft speeds with relatively high 
torque. 





Series universal motor with inbuilt 
gear reduction and drive shaft at 
right angles to armature shaft. 
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Our 35 years’ experience in 
designing motors for minimum 
weight and space factor fre- 
quently enables us to reduce 
product weight, yet maintain 
optimum performance, and 
lower cost. 


These are among the advan- 
tages of using Lamb Electric 
Motors. Designed to meet the 
exact requirements of your ap- 
plication, they provide: 


IN THE MOTOR... 


1. Reduced cost, weight, space. 
2. Exact mechanical and electrical 
characteristics. 


3. Thorough dependability. 
IN THE PRODUCT... 


4. Better performance. 
5. Improved eye-appeal. 
6. Compactness, less weight. 


Our engineering department 
will be glad to work with yours 
in obtaining these benefits. 








Intermittent high torque motor with 
low weight factor; for aircraft and 
many other applications. 


Compact and dependable explosion- 
proof aircraft geared fuel transfer 
pump motor. Adaptable to many 
other applications. 


THE LAMB ELECTRIC COMPANY, KENT, OHIO 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 
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DO YOU KNOW? 


—that ao PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. « .add attraction—safety—service ? 


— what lamp fo use 
— how to use it 

— what it will do 
— what it will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed @ Rugged 


Catalogue Number 521308 — 997 
for 110 or 220 volts. 


SAMPLES 
for design purpose 
NO CHARGE 


NEW! Write for the 
e "HANDBOOK OF PILOT LIGHTS.” 


Write us on your design problems. 





Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N, Y. 





include ball bearings and permanent lubrication. Fixed- 
ratio sections are available with extruded or hobbed 
gears in wide range of standard ratios. Metron Instrument 
Co., 432 Lincoln St., Denver 9, Colo. 


PACKLESS SOLENOID VALVES 


Line of small two- and three- 
way packless solenoid valves, 
8262 and 8314, are each 1% 
in. diam and 2g and 3%¢ in, 
long respectively. Valves are 
designed to handle wide range 
of liquids and gases at temper- 
atures up to 212 F. Bodies are 
machined from either brass or 
stainless steel bar stock with in- 
tegral crown-type valve seats. 
Flat valve disks are of a re- 
silient synthetic composition. 
Moving element in sealed tube 
consist of solenoid core, disk and disk retainer. Coils are 
layer wound with NEMA Class B insulation and then im- 
pregnated with synthetic resin. Valves have threaded \%-in. 
IPS conduit connection. Two-way valves are available with 
'g-in. pipe port either NO or NC or with \%-in. pipe port 
NC; permissible pressure rating is 300 psi for a-c, 250 psi 
for d-c. Three-way valves have %-in. pipe port and are 
rated at 125 psi a-c or 50 psi d-c. Automatic Switch Co., 
393 Lakeside Ave., Orange, N. J. 





SPEED REDUCERS, UNIVERSAL JOINTS 
Horizontal right-angle speed reducers, T Series, are of 
the worm gear type with ratios from 1:1 to 4000:1. Out- 
put speeds based on full-load motor speeds range from 0.45 





Whatever your marking problem, on regular production work 
or on new government contracts, Markem’s long experience 
in the marking field can help you. 

MARKEM offers methods, machines and inks for marking 
product or package with complete label information or 
imprinting the variable information such as serial number, 
code number, stock number, size, color, grade, material, 
date, etc. Package marking includes boxes, box labels, 
containers, tubes, wraps, industrial tapes and _ pressure 
sensitive tapes. 

MARKEM Marking Machines are versatile. Permit variable 
information to be changed quickly, easily. Are easy to 
operate. Assure clear, highly legible, durable identification. 
Speed up production. Lower marking costs. There is a Markem 
Machine for every marking requirement. 

Ask to have our representative call. We will be glad to make 
a survey of your marking operations and make recommenda: 
tions. No obligation, of course. 


PUT YOUR MARKING PROBLEM UP TO MARKEM 
MARKING MACHINES 
INKS ¢ TYPE * SINCE 1911 


KEENE 7, 
NEW HAMPSHIRE 









to 588 rpm. Line includes eight types, each in a range of 





speed ratios and horsepowers. Worm is integral with § 


shaft. Housings are cast iron, and shafts are steel. 


Designed for high load carrying capacity and high® 
static torque rating, universal joints meet AN-Class 19 


specifications set up for aircraft. Ratings range from 1/12 
to 100 hp at 100 rpm. Yokes are heat-treated alloy steel 


with ground bearing surfaces and OD ground to +0.000,} 
Bearing pins and center) 
bearing block are hardened and ground. Full range of © 
standard sizes, either solid or bored. Boston Gear Works, 9 


—0.001 in. for concentricity. 


80 Hayward St., Quincy 71, Mass. 


ELECTRON TUBES 


Two miniature electron tubes, 6S4 and 6AH6, are pri- 
marily for TV and radio receivers. Type 6S4 is a high- 
perveance medium-mu triode for use as a vertical deflec- 
tion amplifier in TV receivers which employ picture tubes 
having a deflection angle up to 70 deg and operating at 
anode voltages up to 14,000 volts. Ratings of 6S4 are: d-c 
plate voltage, 500 volts; peak positive-surge plate voltage, 
2000 volts; and plate dissipation, 7.5 watts. Type 6AH6 
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7 Certain designs in AlSiMag can 
be supplied with open end POLISHED 
SLOTS as narrow as .010”, 














 AlSiMag rods are regularly and 
economically produced within TOL- 
ERANCES of .0001”. 





i@ AlSiMag plates and discs can be 
produced FLAT within microinches. 













Some AlSiMag compositions 
have such great resistance to HEAT 
SHOCK that they are used in the 
control of molten metals. 








W AlSiMag is one of the best 
ELECTRICAL INSULATORS at high 
temperatures and high frequencies. 













i AlSiMag has such hardness and 
RESISTANCE TO ABRASION that it 
is used for extrusion and drawing dies 
and also for wire recorder and thread 
guides. 















i# AlSiMag tubes have been suc- 
cessfully produced with holes almost 
as small as a human hair, with wall 








sections of about the same thickness. 


NLDA 


TRADE MARK REG US PAT OFF 


17 Some AlSiMag precision made parts are so tiny 
that several thousand will go in a thimble. 
(For illustrative purpose, larger parts are shown here.) 













®@ AlSiMag Custom Made Technical Ceramics are available in a wide 
variety of physical characteristics. AlISiMag parts come to you ready 
for your assembly line. They are uniform, dimensionally accurate and 
economically fabricated in quantity. American Lava Corporation is 
known throughout the industry for its leadership in engineering and 
' research and for its ability to produce ceramics that comply with 
specifications and that do the job as planned. Engineering cooperation 
and handmade test samples are available. Send us your problems. 


AMERICAN LAVA CORPORATION 


49TH 














YEAR Oo F 


CHATTANOOGA ‘5, 


CePA ate fs AGES TH t P 


TENNESSEE 












SE rices: METROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2-8159 © CHICAGO, 228 North LaSalle St., Central 6-1721 
. ILADELPHIA, 1649 North Broad St., Stevenson 4-2823 ° LOS ANGELES, 232 South Hill St., Mutual 9076 
EW ENGLAND, 38-8 Brattle St., Cambridge, Mass., Kirkland 7-4498 ¢* ST, LOUIS, 1123 Washington Ave., Garfield 4959 














Precision die molded plastics in small lots are now 
available at the lowest possible die mold cost. This 
new process is primarily for pilot runs in the pro- 
duction of 100 to 5000 small precision plastic mold- 
ings for experimental and other purposes where 
conventional type die molds would be prohibitive. 


Present capacity: 1'/-ounce size, or, 3 x 4 x 2". 


Your inquiries are invited. 


Dayton RoGERS 


MINNEAPOLIS 7, MINNESOTA 
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There's an ALMO MERCURY SWITCH 
to do the job! 


Precision made and de- 
signed for particular use, 
ALMO switches are 
guaranteed for utmost 
reliability and economy, 
and are in rising demand 
for business machines, 
alarm systems, heating 
equipment, sump pumps, 
boilers, recorders, ma- 
chine tools, hydraulic 
presses, bottling ma- 
chines, etc. 












Submit your switch problems to us without 





obligation. Write to Dept. A-1. 
MANUFACTURING COMPANY | Telephones: 
113 Sussex Ave., Newark, N. J. HUmboldt 2— 
Established 1919 2185, 8961 





AAA AAA 
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is a sharp-cutoff amplifier pentode useful as a wide-band 
amplifier and as a reactance tube. Under typical operating 
characteristics, gm is 9000 micromho and I» is 10 ma. 

Twin triode 6SN7-GTA is electrically and mechanically 
interchangeable with the prototype, 6SN7-GT, but has in- 
creaséd maximum ratings. Ratings: Pp», 5.0 watts per 
plate or 7.5 watts for both; plate voltage, 500 volts; and 
heater-cathode rating, 200 volts. In addition, peak positive- 
pulse plate voltage rating is 1250 volts and peak negative- 
pulse grid voltage rating is 200 volts. 

Beam-power amplifier, 6W6-GT, is designed for use as 
an audio output tube. Maximum ratings include: peak posi- 
tive-pulse plate voltage, 1000 volts; Pp, 10 watts; and peak 
negative-pulse Grid No. 1 voltage, 200 volts. 

Half-wave rectifier, 1X2A, is similar to 1X2 except for 
higher output and input voltage rating. Suitable for use 
in both r-f and flyback power supplies. Electronics Dept., 
General Electric Co., Electronics Park, Syracuse, N. Y. 


SYNCHRONOUS TIMING MOTOR 


Self-starting synchronous 
hysteresis timing motor is 
furnished with speeds from 
1 rph to 60 rpm, clockwise 
or counterclockwise. Com- 
plete motor can be mounted 
in a 2-in. diam hole. Two 
models, 400 series and 200 
series, are available rated at 
4 and 2 watts respectively. 
Motors can be_ furnished 
wound for 24, 110 and 220 
volt, 50 and 60° cycle. 
Torque is 12 oz-in. at 1 rpm 
for 400 series and 6 oz-in. at 1 rpm for 200 series. Stand- 
ard 5-in. leads supplied. Plain or knurled shafts with diam- 
eters of 0.1, 0.125 and 0.187 in. and extensions of 0.5, 
0.375, 0.250, 0.238 and 0.218 in. Lubrication of porous 
bronze-graphite bearings is by capillary attraction. The 
Bristol Motor Co., Old Saybrook, Conn. 





TELEPHONE-TYPE JACK 

Series 1399 telephone-type jacks have a wide 16-gage 
steel frame with 18-per cent nickel-silver springs and fine 
silver contacts. Available in three spring combinations: 


































































SPST, SPDT and combination SPDT/SPST. Jack is 
3 7/16 in. long; for %-in. plugs. Cinema Engineering 
Co., 1510 W. Verdugo Ave., Burbank, Calif. 





CONTROL-CIRCUIT WIRE 


Dual-purpose 600-volt wire, Endurite, is listed by UL as 
type RH or type RW. For dry locations, wire is rated 
as type RH with an operating temperature of 75 C and 
for wet locations, same wire is rated as type RW with 
operating temperature of 60 C. Neoprene-covered cable is 
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* Snap a switch; or touch a button. An 





Complete nerve systems for anything you make that 
is actuated by electricity, from appliances to motor 
cars, are an old Essex specialty. We’ve been engi- 
neering and fabricating WIRE ASSEMBLIES since 
the days of the first automobile. 

Proper balancing and flow of current; the right 
flexibility and insulation, and perfected layout and 
design stem from Essex engineering know-how and 
experience. Through a network of twenty plants 
Essex completely engineers, processes and controls 
the assemblies from wire bar to your appliance. 
The wire, connectors, terminals, coils and re- 


BUILT TO PERFECTION 
WIRE ASSEMBLY AND 





instant surge of electrical power thru 
your ESSEX WIRE CORPORATION 
ELECTRICAL ASSEMBLY activates 
any unit that you choose to function. *k 





lays made in Essex plants are designed to perform 
in ESSEX WIRE ASSEMBLIES even if the load 
should be greater than required under the most 
severe operating conditions. 

ESSEX WIRE ASSEMBLIES are custom tailored 
to your product. They will make your product’s 
mame synonymous with dependable performance 
in the minds of your customers. They will give you 
maximum efficiency at minimum cost. 

Consult an ESSEX representative, or send your 
specifications to THE SERVICE ENGINEERING 
DEPARTMENT of Essex, at Monticello, Ind. 


PROVED BY INDUSTRY 


CORD SET DIVISION 


ESSEX WIRE CORPORATION montricetto, indIANA 
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SPRINGS and STAMPINGS 


because: 

Engineers fully experienced in 
beryllium copper metallurgy 
direct every operation. 


Special equipment for heat- 
treating in fixtures assures uni- 
form characteristics. 


Modern laboratory facilities 
provide precise control in 
manufacture and inspection. 


A versatile tool and die shop 
builds dies and fixtures to pro- 
duction-proved standards. 


Lee’s 35 years’ spring-making 
experience is now applied to 
the design and manufacture of 
beryllium copper springs and 


@ @ @ stampings. 


FOR ASSURED DELIVERY 


of compression, extension, and 
torsion coil springs, spring 
stampings and diaphragms.... 
in beryllium copper... you 
can depend on Lee. 






eae 


Let us quote on your requirements. 


ST: CaN OTT a 


30 MAIN ST., BROOKLYN 1,NEW YORK 





available in sizes from No. 14 to No. 1 for control and 
power circuits. Crescent Insulated Wire & Cable Co., Inc., 
Trenton, N. J. 


T-NETWORK ATTENUATOR 


Miniature T-network attenuator, series 730, has 30 steps 
of attenuation and measures only 2% in. diam. Attenuator 
has zero insertion loss, and constant input and constant out- 
put impedance. Available in steps of 0.5, 1.0, 1.5, or 2.0 
db. Flat frequency response up to 30 kc; can be extended 





to 200 ke on special models. Standard resistance accuracy 
is +5 per cent, but accuracies to +0.1 per cent available. 
Rotor with spring-loaded blades is enclosed in tamper-proof 
housing. Other features: silver alloy contacts; sintered 
bearings ; two-piece dust cover held by a bayonet-type lock; 
and short rotor arms to reduce inductance. The Daven Co., 
191 Central Ave., Newark 4, N. J. 


WATERPROOF OUTLET BOX 


Multiple-outlet box, Type 6005, is waterproof and each 
outlet is rated at 1500 watts with input receptacle rated 
at 6000 watts, all at 115 volt. Circuit is ungrounded to 
permit use on a-c or d-c and mounting on a grounded or 





ungrounded metal surface. Mounting holes are provided 
in each corner of cast aluminum body. Each receptacle is 
equipped with a screw-on cap, attached to the body by a 
short chain to prevent loss. Equipment and Service Co., 
6815 Oriole Drive, Dallas 9, Texas. 


CONTACT METER-RELAY 


Addition to line of contact 
meter-relays, 4%-in. Sim- 
plytrol Model 451-C_ pro- 
vides a scale length of 4 in. 
and is available in a-c or d-c 
microammeter,milliammeter, 
ammeter, millivoltmeter and 
voltmeter types. Contact set- 
ting is adjustable to any 
point on scale arc. Single- 
and double-contact arrangements are available to pro- 
vide high limit, low limit or both. Platinum contact 
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YOUR CUSTOMERS ARE BEING TOLD 
ABOUT THE FLAG LABEL— 
BE SURE YOUR PRODUCTS CARRY 


THIS SAFETY IDENTIFICATION. 


cord sets 

or power 
supply 

cords is evi- 

dence of in- 
spection and 

test, and signi- 

fies compliance 

of the product— 
that is, the en- 
tire assembly — 
with the safety re- 
quirements of the 
Underwriters’ Lab- 
oratories Standard. 


DECEMBER 1950 


No matter how well made your products are, their 
performance depends directly on the cord assem- 
blies which supply them with power. That’s why 
it’s important to you that cord sets and power 
supply cords carry the Flag Label. 

It informs those who sell and purchase your products that 
their vital “‘lifelines’’ have undergone test and inspection—not 
only the cords themselves, but the entire assembly. 

The Safe Electrical Cord Program is telling the public about 
this safety identification. Booklets, leaflets, a wall chart, such 
as are shown above, are being distributed widely by public 
utilities, REA cooperatives, school systems and other safety- 
minded groups to explain and emphasize the significance of the 
Flag Label. 

For easier selling, as well as for greater customer satisfaction, 
it will pay you to specify Flag Labelled cord sets and power 
supply cords when ordering—and to point out this product ad- 
vantage to your distributors and dealers. 


SAFE ELECTRICAL CORD COMMITTEE 
155 East 44th Street, New York 17, N. Y 


Equip your products with safe electrical cords bearing the Flag Label. 
141 





WIDE FLARE 
Thermometer won't roll 
on inclined surfaces. 


PINCH TOP 


Just whisk the thermom- 
eter out of its case—no 
cap to unscrew. 


THICK-WALLED EYE 


To suspend thermometer 
alone or complete ‘‘THER- 
MICATOR” assembly. 


EXPANSION CHAMBER 
Clearly visible, no hidden 
bore. 


SHARP, OPEN SCALE 
Maximum readability. 


ADJUSTABLE CLIP 
Holds ‘‘THERMICATOR” in 
deep or shallow pockets. 


e Just compare 
the useful features of 
this new TAGliabue 
instrument. See for 
yourself how handy it 
is for any engineer, 
service man or labora- 
tory technician who 
needs to know accu- 
rate temperatures im- 
mediately. Hold it in 
your hand .. . hang it 
by acord... dip it in 
Seeane Ould ate. liquid vats—either ex- 
bulb. | = posed or protected in 


a its armor case—the 


TAGLIABUE INSTRUMENTS DIVISION 


tells temperature 
Westen Electrical Instrument Corporation 


582 ere Avenue, Newark 5, New Jersey 


POLISHED 

METAL CASE 
For immersion 
in common 
liquids. 


conveniently. 


quickly, dependably, 


carried on movement is connected to an extra winding on 
the moving element and mating contact is spring-mounted 
on adjustable red pointer; magnetic action locks contacts 
together. Contacts are released by interrupting locking 
circuit, manually or automatically. Pyrometer millivolt- 
meters with automatic bi-metal cold junction compensa- 
tion may be used for temperature control. Assembly Prod- 
ucts, Inc., Main at Bell St., Chagrin Falls, Ohio. 


OIL-IMPREGNATED BRONZE BEARINGS 


Line of porous bronze bearings, cored bar, solid bar and 
plate stock is oil impregnated. Plain cylindrical bearings 
are stocked in sizes from \% to 3 in. ID; flanged bearings, 
46 to 2 in. ID; thrust bearings, % to 1% in. ID; cored bar 
stock from % in. ID x 1 in. OD to 4 in. ID x 6 in. OD; 
solid bar stock, 3% to 4 in. OD; and plate stock, % to 1 in. 
thick. Boston Gear Works, 80 Hayward St., Quincy 71, 
Mass. 


GLASS AIRCELL 


Rectangular Pyrex aircell 
is for use as a window in 
electric-range ovens. Cell is 
sealed to prevent clouding 
and permit clear visibility. 
Walls of cell, which meas- 
ure 91%4 x 7% x2 1/16 in., 
are slightly convex. Thick- 
ness around the edge is 
29/32 in. Corning Glass 
Works, Dept. EM-10, Cor- 
ning, N. Y. 


CONTROL AND FIXTURE WIRE 


Vinyl-insulated control and fixture wire has a UL-ap- 
proved temperature rating of 105 C. Wire has an insula- 
tion thickness of 1/64 or 1/32 in.; lacquered glass braid 
is used on 1/64 in. insulation. Conductor sizes from No. 
16 to 26 AWG are available with wide range of insulation 
colors. Voltage rating for the 1/32-in. wall is 600 volt; 
for the 1/64-in. wall, 300 volt. Phalo Plastics Corp., Com- 
mercial & Foster, Worcester, Mass. 


WIRE STRIPPERS 


Air-powered wire stripper 
for heavy cable is automatic 
and will strip a cable of its 
insulation in 4 sec. Operations 
are controlled by solenoids ac- 
tuated by snap-action precision 
limit switches. Machine illus- 
trated is for 134-in. cable and 
removes a 2'4-in. strip of in- 
sulation. Other machines can 
be furnished for a wide range 
of cable diameters and lengths 
of strip. 
Also a machine is available 
which will strip metal braid from coaxial cable after outer 
cover has been removed by usual methods. Operation is 
performed at a rate of 600 cuts per hr, leaving a clean, 
square-cut shoulder free from frayed ends and without dam- 
age to the inner polyvinyl tube. Wire Stripper Co., 1729 
Eastham Ave., East Cleveland, Ohio. 


TWO-SPEED AUTOMATIC TRANSMISSION 


Rated at 20 hp with a minimum input speed of 900 rpm, 
two-speed transmission consists of two overrunning clutches, 
one engaging in a clockwise and the other in a counter 
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TOUGH AND MARPROOF 
Kemclad formuiations include special 
ingredients to protect finish against 
marring, chipping or scratching. 





HOT GREASE? NO HARM DONE! 


Even hot grease won't damage Kem- 
clad's gleaming white finish! 






an 
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STAYS WHITE AND STAIN-FREE! 
Kemclad Finishes aren't affected by 
food acids, weak alkalies, alcohols or 
other common household chemicals. 





CLEANS EASILY . . . SAFELY! 


Kemclad's smooth surface cleans 
easily with damp cloth, but with- 
stands strong detergents safely. 


DECEMBER 1950 





Photo courtesy Gibson 
Refrigerator Co., Greenville, Mich. 


Well CngiheHed... 
TO THE LAST 2/1000 OF AN INCH! 


The engineering, or lack of it, in the last 2/1000-inch of an appliance— 
its finish—may be even more important than for many of its other parts! 


Leading manufacturers like Gibson Refrigerator Company prefer 
Sherwin-Williams Kemclad Appliance Finishes because they provide 
important advantages three ways: 

® Saleswise, they give the white-for-life toughness and beauty that 

only the newest developments in synthetic resin materials and 
know-how make possible. 

@ Productionwise, they reduce rejects and production line problems. 

®@ Costwise, their exceptionally high solids content with low viscosity 

makes finishing cost low for any given thickness of finish. 


Investigate what Kemclad or other Sherwin-Williams Appliance Finishes 
may mean in your own production set-up! Call, wire or write The 
Sherwin-Williams Co., Industrial Division, Cleveland 1, O. 


SHERWIN-WILLIAMS 


APPLIANCE FINISHES 











Another Product of 
Sweawin-Wituams 
INDUSTRIAL RESEARCH 















clockwise direction. By reversing motor, two speeds are 
provided ; one at direct motor speed and other at preselected 
reduction, without changing direction of output shaft rota- 
tion. Low limit of reduction is 6:1. Western Manufacturing 
Co., 3400 Scotten Ave., Detroit 10. 


SAVE maya a any and Engineering 
ee ee MO IN EY | —— OSCILLATOR 


Frequency range of model of 510-A audio oscillator is 18 
to 210,000 cps and is contained in four decades. Oscillator 
Transformerized machines and equipment add will deliver 10 volt into 10,000 ohm with constant output 


production line flexibility to motorized equip- within 0.5 db over entire frequency range. Distortion at 
ment. Machines can then be shifted, realigned, this amplitude is less thon 0.3 per cent from 100 to 15,000 
respaced to keep production flowing quickly on 
redesigns—new models. Hours and often days of 
electrical work can be eliminated — saves time, 
saves money. 




















AIR COOLED 
TRANSFORMERS 


Can be mounted at most 
convenient place, on wall, 
ceiling or machine. No oil 
needed, no inspection nor 
maintenance. Available in 
sizes from 1/10 KVA to 
75 KVA, primary volt- 
ages up to 600 volts, 114 
KVA to 25 KVA with 
2300 volt primary. 


STEPDOWN TRANSFORMERS 


Complete — ready for in- 
stallation and connection. 
Supplied with eight foot 
heavy duty rubber cord 
and plug for primary con- 
nection. Output plug is an 
integral part of transform- 
er. Available in sizes from 
75 to 1000 watts. 200/240 
primary, 115 volt, 50/60 
cycle secondary. 

































cps, and rises to no more than 0.5 per cent at 30 cps. 
Source impedance of the cathode-follower output is 560 
ohm; matching transformer can be used to feed low-im- 
pedance balanced lines. Total frequency error because of 
drift and dial calibration is less than +2 per cent; 320 
deg dial gives a scale length of over 8 in. Output control 
is logarithmic and is calibrated approximately in output 
voltage. The Electronic Workshop, Inc., 351 Bleecker St., 
New York 14. 













HIGH-POTENTIAL TESTER 


Current-limited high-potential tester is designed for the 
electrical testing of insulating materials used in electrical 
components and assemblies such as coils, relays, motors 
and appliances. Output current of tester is limited to a 





ACME ELECTRIC CORPORATION 


3512 Water Street Cuba, N. Y., U.S.A. 


















Acme Electric manufactures Luminous Tube Transformers—Fiuorescent 
Lamp Ballasts—Cold Cathode Lighting Transformers and Ballasts—Radio 
and Television Transformers—Electronic Transformers—Door Bell, Chime 
and Signalling Transformers—Safety Transformers—Voltage Regulating 


Guadiesmseeciendown Wantlernee—Qeatel wanlerme—Wap- value below the maximum value which an operator can 
stop Transformers—Air Cooled Power Transformers. let go should he accidentally come in contact with test 


probes. Indicating meter measures crest value of voltage 
on samples tested regardless of wave shape, internal volt- 
age drop, or variation in line voltage. Faults are indica- 
ted by a glow lamp on panel. Meter reads voltage across 
equipment being tested and measurement is not affected 
by impedance drops in internal circuit of tester. Over- 
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When you think 
of Electric Heat, 


think of 









Honestly now . . . what qualities are most 
important to you in selecting electrical resist- 
ance elements for your cooking and heating 
appliances? Performance of course. Long life, 
dependable performance. Good material of 
uniform resistance that will build and maintain 
the good reputation of your finished products. 
And, too, if you make your own heating units, 
the workability of the wire itself is a mighty 
important factor. It should be free of slivers, 
nice to handle . . . uniformly annealed, and 
tempered to suit your particular production 
operations. You'll want it to stretch evenly in 
coiled form. And you probably want a bright, 
shiny wire. A wire that’s smooth and round 
from end to end. Carefully spooled wire that’s 
properly packaged and labelled to avoid mis- 





s Chrome!’ 


takes in handling. Then there’s delivery and 
service to be considered. These are important 
... very important. Because, regardless of what you 
make, prompt, dependable supply of materials 
and helpful qualified field service are two key 
prerequisites to smoothly flowing production. 


Over the past 42 years, we at Hoskins have had 
lots of experience in supplying a// the things 
you need and want in heating element wire. 
More so than any other manufacturer in the 
industry. And we sincerely believe you'll find no 
greater all-around satisfaction than that which 
comes from specifying . .. HOSKINS CHRO- 
MEL Resistance Alloy. Your nearest Hoskins 
representative can back this belief with good 
technical facts .. . why not get in touch with 
him today? 


Our Catalog M-1 contains useful technical information and helpful application data... want a copy? 






4445 LAWTON AVE, 


NEW YORK * 


DECEMBER 1950 


CLEVELAND ® 


West Coast Representatives in Seattle, San Francisco, Los Angeles 
in Canada: Walker Metal Products, Ltd., Walkerville, Ontario 


MANUFACTURING COMPANY 


* DETROIT 8, MICHIGAN 


CHICAGO 


wickel-chromium resistance alloy that first made electrical heating practical 
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loading tester does not cause errors in measurement of 
applied voltage and does not damage tester. Unit is en- 
closed in a metal cabinet with carrying handle. Operates 
from 105 to 125 volt 60 cycle. Single range model has 
output of 0 to 3200 volt rms and dual-range model has an 
0 to. 1600-volt range in addition to the 0 to 3200-volt 
range. Primary circuit uses resistance and a potentiometer 
SMALL to supply an adjustable voltage to primary transformer 

“ and to damp out line surges. Apparatus Dept., General 


re A RTS | Electric Co., Schenectady 5, N. Y. 
Gast (00s thon ennde-by FAST WRITING OSCILLOGRAPH 
Ink-writing oscillograph has a frequency range from 0 
M 1 LTI- SWAG FE to 600 cps, and measuring range between 5 and 160 volt, 
or between 2 and 60 ma. Sensitivity is approximately 0.1 


The economy way to get a million mm per volt and impedance is 2700 ohm. Oscillograph has 
small parts similar to these — ten selectible paper speeds. Writing pen is automatically 
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Examine the tubular metal parts shown here 
twice size. If you use anything similar... 
in large quantities . . . important savings 
can be yours. Send us the part and specs. 
Our quotation will show why the Bead 
Chain Company’s MULTI-SWAGE Process 
has long been known as the most econom- 
ical method of making electronic contact 
pins, terminals, jacks and sleeves. And, why 
more and more users of mechanic- 
al parts (up to 4” dia. and to 2” 
length) employ our facilities, 
WRITE for Data Bulletin. 
Trade Mark 
THE BEAD CHAIN MANUFACTURING CO. . . ; i 
13 Mountain Grove St., Bridgeport 5, Conn. closed when instrument is not in use, thus preventing 
Manufacturers of the Kinkless Chain of a thousand Uses drying of ink in pen. Record is made on transparent chart 
paper which can be projected and reproduced in any de- 
sired form. Record is in straight-line rectangular coordi- 
nates. Maximum amplitude is 60 mm. Dimensions are 


10 x 8 x 7 in. Sound Apparatus Co., Stirling, N. J. 





































Manufacturers’ 
Publications 


For prompt receipt of these selected publications on ma- 
terials and components write direct to the manufacturer 
on company letterhead, mentioning ELECTRICAL MANU- 
FACTURING as your source. 





PRECIOUS METAL ALLOYS 


Comprehensive technical and application data on pre- 
cious metal alloys, developed for use in industrial fields, 
are contained in 20-page bulletin R-12. Alloys are for use 
as sliding contacts, brushes, wipers, slip rings, commutator 
segments, resistance wire and non-corrosive wear-resis- 
tant parts in electrical equipment. In addition to physical 
properties and application and test data on individual al- 
loys, bulletin contains complete data on standard contact 
and formed brush shapes available. Details are given of 
the research, test and manufacturing facilities of company. 
The J. M. Ney Co., 71 Elm St., Hartford 1, Conn, 











SOLDERLESS TERMINALS 
Complete catalog of 88 pages lists standard line of sol- 


‘gu a Y yee 
derless terminals and connectors by wire size and by cata- 
re) 4 re) KR j s 3 an re] | log number. Included are preinsulated and noninsulated 
| terminals for wire sizes from 26 to 0 AWG. Terminals 
MA a r Le] a | ae listed are ring-, slotted-, rectangular- and flange-tongue 


types; connectors are of the parallel, closed-end and butt 
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Standard parts and simple basic design of the SB-1 mean 
longer life and low initial cost to you. There’s a standard 
SB-1 for most jobs—ready on six weeks delivery. A variety 
of switch handles with watertight, dust-tight, oil-immersed, 
fabricated metal, or explosion-proof housings are available to 
fit your installation problems. Why not try an SB-1 on your 
particular problem? For further details see your G-E sales 
representative and write for Bulletin GEA-4746. Apparatus 
Dept., Section 856-73, General Electric, Schenectady 5, N.Y. 
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SPEED CONTROL 
OF THREE 50-HP 
SEWAGE PUMPS 





Sill 


The Manhattan Beach pumping station of Los Angeles 
County South Bay Cities Sanitation District handles about 
two million gallons of sewage per day. The speed of its 
three 50-hp pump motors may be controlled automati- 
cally by a relay system or manually by three General 
Electric SB-1 switches. A fourth SB-1 switch selects either 
manual or automatic operation. 





CONTROL AND TRANSFER SWITCH 


Rating up to 20 amp at 600 volts a-c or d-c 


aaa ona 
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SMALLER THAN 
», ANY OTHER 
DUAL TYPE 


& ‘ea! 6 ms tase INDIAN _ 
Sass terrific for TV 


The new Sangamo Type FM “ARROWHEAD” 
tubular electrolytic capacitor is equipped with 
flexible, insulated wire leads and stud terminals 
to make installation easier by eliminating the 
problem of crossed wires and the need for in- 
sulating sleeves. Sangamo Arrowheads are much 
smaller than wax end filled types with insulated 
leads—smaller than any other type with dual leads! 


These capacitors are housed in round aluminum 
containers which are encased in heavy insulating 
sleeves with mounting strap attached, and they 
are especially designed for the rugged television 
requirements where 85° C operating temperatures 
are encountered. 


A trial of these new dry electrolytic capacitors 
will convince you. See your Jobber, or write for 
Catalog No. 800, which gives full information on 
the Arrowhead and the rest of the Sangamo Tribe. 


oD 
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types. Also listed are special devices such as knife discon- 
nects and adapters, relay tabs, AN 659 terminals, plugs 
and receptacles, connector blocks and bus bars. Other sec- 
tions in catalog cover: automatic equipment for applying 
continuous strip terminals; special services including cor- 
rosion. proofing, plug-in leads, terminals for special ap- 
plications and special insulation; tooling; and selection 
data which contains a table showing barrel size of ter- 
minal to use for a given wire size, a table giving catalog 
numbers recommended for insulating noninsulated terminals, 
and a table listing terminal stud-hole sizes to use with a 
given stud size. Aircraft Marine Products, Inc., 1523 N. 
4th St., Harrisburg, Pa. 


HIGH TEMPERATURE WIRE 


Eighteen-page report gives an analysis of the current- 
carrying capacity of insulated wire, made in accordance 
with specification XEL-38, installed in locations subject 
to high ambient temperature. Factors discussed include 
rated operating temperature, ambient temperature, temper- 
ature rise, cable construction, authorized ratings, circuit 
breaker protection, conductor resistance, ampere rating and 
current ratings for short duration. With these factors as 
a basis, a method is derived to enable the designer to cal- 
culate cable size required. Boston Insulated Wire & Cable 
Co., 65 Bay St., Dorchester 25, Mass. 


SPRING DESIGN DATA 


Compact handbook of 40 pages contains data and in- 
formation that are most generally used in the design and 
selection of springs. Book first outlines design factors for 
round-wire extension and compression springs, and then 
gives design formulation and procedure for helicial springs 
followed by a typical spring problem worked out in detail. 
Rest of the book contains load-deflection tables, conver- 
sion formulas for types of ends, ordering information, con- 
stants for determining weight of springs per thousand 
pieces, standards for commercial wire gages, third and 
fourth powers of wire diameters, commercial tolerances, 
and facilities of manufacturer. Accurate Spring Manufac- 
turing Co., 3811 W. Lake St., Chicago 24. 


FASTENERS 


Over two hundred thousand types and sizes of threaded 
fasteners are listed in 120-page catalog that is conven- 
iently arranged with tabbed index. Fasteners included are: 
acorn nuts, anchor units, bevel washers, many kinds of 
bolts and cap screws, cotter pins, studs, set screws, thumb 
screws, nuts, wing nuts, wood and sheet metal screws, U- 
drive screws, rivets, lockwashers, toggle bolts, turnbuckles, 
bolt shields, taper pins, and keys. Variety of heads and 
threads available. Prices, weights, sizes and engineering 
data given for each type of fastener with a given thread 
and head. Materials used in fasteners are steel and brass. 
Sterling Bolt Co., 4638 W. Lake St., Chicago 44. 


SOLENOID-OPERATED VALVES 


Catalog No. 23 of 72 pages describing line of solenoid- 
operated valves is well illustrated and contains many engi- 
neering tables. Spiral-bound catalog consists of ten sec- 
tions plus index as follows: general information, selection 
tables and terms; flow charts for water, air, gases and 
steam; safety shut-off and manually reset valves; packless 
solenoid valves; packed solenoid valves; small-size pack- 
less solenoid valves; three-way solenoid valves; two- and 
three-way pilot-controlled solenoid valves; four-way sole- 
noid valves; and fillers and strainers. Information given 
for each valve type includes applications, special features 
available, discharge capacities and sizes. Automatic Switch 
Co., 391 Lakeside Ave., Orange, N. J. 
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with new marion 


ruggedized instruments 


The new Marion Ruggedized meters (Hermetically 
Sealed) now give you an exceptionally accurate and 
sensitive means for electrical measurement and indica- 
tion— under extreme conditions of Shock, Vibration, 
Mechanical Stress, Strain, Weather Conditions and Cli- 
mate. This whole new family of Ruggedized Panel 
instruments gives you new freedom of application. You 
can use them where you have never before dared use 
“delicate instruments.” What’s more, they meet the 
dimensional requirements of JAN I-6 
and are completely interchangeable with 
existing standard JAN 24%” and 312” 

types. 
Send for your free copy of our book- 
let on the New Marion Ruggedized 
Maorionmeons Instruments today. Marion Electrical 
the most Instrument Company, Manchester, New Hampshire. 


mentee Makers of Hermetically Sealed Meters Since 1944 
marion meters 



















Fits Your 


Production 
To A e ‘'T 39 


Kenvon “T’s’’— high quality, uniform 
transformers, are your best bet for development, 
production and experimental work. For over 20 
years, the KENYON “K” has been a sign of skill- 
ful engineering. progressive design and sound 
construction. 


Now — reduce inventory problems, improve 
deliveries, maintain your quality — specify 
KENYON “T's,” the finest transformer line for 
all high quality equipment applications. 


New Catalog Edition! Write Today! 


Kenyon new modified edition tells the com- 
plete story about specific ratings on all transform- 
ers. Our standard line saves you time and expense. 
Send for your copy of our 
latest catalog edition now! 


* ai 
\ 


KENYON 


TRANSFORMER CO., Inc. 


840 BARRY STREET * NEW YORK 59,N. Y. 
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INDUSTRY 


Perry C. Smith has joined the staff of the Research Div,, 
Burroughs Adding Machine Co., Philadelphia, as supervisor of 
the Special Devices Dept. Mr. Smith was formerly manager of 
Scientific Instruments Engineering, RCA Victor Div., Radio 
Corporation of America. Thomas H. Briggs and Lyman W, 
Orr have joined the Special Devices Dept. as research engineers, 
Also Donald L. Stevens, George W. Patterson and Alex J. 
Bielski have been added to the staff of the Research Div. 








Perry C. Smith 


R. P. Clausen 


R. P. Clausen, formerly assistant chief engineer of the Radio 
Tube Div., Sylvania Electric Products Inc., Emporium, Pa., has 
been appointed chief engineer. Mr. Clausen succeeds M. A. 
Acheson who has been transferred to the staff of E. Finley 
Carter, vice president in charge of engineering at New York. 


Dr. H. K. Ihrig has been elected vice-president in charge 
of research of the Allis-Chalmers Manufacturing Co., 
Milwaukee. 


John F. Byrne is now associate director of research for the 
Communications & Electronics Div., Motorola, Inc., Chicago. 
Mr. Byrne was formerly vice-president and chief engineer of 
Airborne Instruments Laboratory, Mineola, N. Y. 


John N. Dyer, supervisor of radar and air navigation re- 
search and development for Airborne Instruments Laboratory, 
Mineola, N. Y., has been named director of research and engi- 
neering. Mr. Dyer, who joined the laboratory in 1945, succeeds 
John F. Byrne. Raymond C. Miles has been named deputy 
head of the Design and Test Section of the Engineering & 
Products Div. Also Fred C. Weigold is now production 


manager. 


Dr. John W. McNall has been appointed division engineer 
of the Research Dept., Lamp Div., Westinghouse Electric 
Corp., Bloomfield, N. J. Dr. McNall will direct the electron 
emission, gas discharge and physical measurements sections of 
the department. 


Lewis P. Tabor is now associate director for electronics and 
instruments at The Franklin Institute Laboratories for Re- 
search and Development, Philadelphia. He has been with the 
Institute and chief of the electrical section since 1948. 


Harold G. Williams, formerly chief metallurgist of Instru- 
ment Specialties Co., Little Falls, N. J., is now manager of 
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sii this high vacuum —. 


bo ait-tight 


. it would take more than 8 years 
for one cubic foot of air to leak back 
into the vacuum chamber. So reports 
National Research Corp., Cambridge, 
Mass., makers of this Industrial High 
Vacuum Coating Unit. One of its most 
important applications is the coating 
of plastics with ultra-thin layers of 
metal for making low-cost jewelry, 
automobile ornaments, insignia, etc. 








Many other leading firms have found that bellows assem- 
blies are the most efficient way to seal valves and shafts 
against leakage, to control temperature and pressure and to 
transmit motion. It may pay you, too, to investigate bellows 
assemblies before your designs are too far advanced. Our 
engineering department will gladly make a confidential 
analysis of your sketches and specifications and make a 
recommendation ... without cost or obligation. In the 
meantime, send for our FREE BULLETIN, ‘“‘What to Con- 
sider When Selecting a Metallic Bellows.””’ CLIFFORD 
MANUFACTURING COMPANY, 126 Grove Street, 
Waltham 54, Mass. Division of Standard-Thomson Corpora- 
tion. Offices in New York, Detroit, Chicago, Los Angeles. 


Ny 
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CLIFFORD = 


HYDRAULICALLY* FORMED BELLOWS 
AND BELLOWS ASSEMBLIES 





ALL-©-ALUMINUM O!IlL COOLERS 
FOR AIRCRAFT ENGINES 
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TO INSURE 
PROMPT 
DELIVERIES... 


“STANDARD” 


RECOMMENDS 


STANDARDS 


You can depend on prompt deliveries of UNBRAKO 
Products when you use standard sizes. 


For, despite shortages, stepped-up demand and 
other problems of the emergency, we’ve been able 
to keep full stocks of UNBRAKO “standards” on 
our dealers’ shelves—ready for immediate delivery. 
And that’s not all . . . Every time you use a 
standard size UNBRAKO it represents a substan- 
tial saving over the cost of a “special.” 


Be sure you have our latest catalog of UNBRAKO 
standard products. Send for your copy of Bulletin 
643-R today. 


Knurled Head 
Socket Cap Screws 


1 SCREWS 


Knurled Head 
Stripper Bolts 


Flat Head Socket 
Cap Screws 


Precision-Ground 
Dowel Pins 


Self-Locking 
Socket Set Screws 


Fully-Formed 
Pressure Plugs 


-SPS STANDARD PRESSED STEEL CO. 


JENKINTOWN 9, PENNSYLVANIA. 
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the Beryllium Copper Div., of the Lee Mechanical Labora- 
tories, Brooklyn, N. Y. A newly formed division of Lee Spring 
Co., Lee Mechanical Laboratories is producing beryllium 
copper springs and stampings. 


Hulbert C. Tittle has been promoted from engineering 
service manager to assistant chief engineer for the Radio and 
Television Div., Sylvania Electric Products Inc., Buffalo, N. Y, 
Mr. Tittle joined the engineering staff of Colonial Radio Corp,, 
formerly a wholly owned subsidiary of Sylvania, in 1935 and 
became chief electrical engineer in 1940. 


William H. Morse is now manager of the A-C Mechanical 
Section, Transportation and Generator Div., Westinghouse 
Electric Corp., Pittsburgh. He succeeds the late A. C. Larson, 


Richard H. DeMott is the new president of SKF Industries 
Inc., Philadelphia, maker of ball and roller bearings. Mr, 
DeMott has been with the company for 35 years and vice- 
president in charge of sales since 1943. He succeeds William 
L. Batt who resigned to become chief of the ECA mission to 
the United Kingdom. 


C. E. Willis has been appointed chief engineer of Lear, Inc., 
Grand Rapids, Mich. Mr. Willis succeeds R. A. Rugge who 
resigned to become president and general manager of Kilgore 
Manufacturing Co., Westerville, Ohio. Arthur W. Eichmann 
has been appointed to the sales engineering staff of Lear, Inc., 
Teterboro, N. J. 


Joseph S. Jacoby, Jr., recently joined the Capehart-Farns- 
worth Corp., Ft. Wayne, Ind., as assistant chief engineer of the 
Consumer Products Div. 


J. T. Farrell, formerly manager of the D-C Motor Sales 
Div., Small and Medium Motor Div., General Electric Co., 
Schenectady, N. Y., is now assistant manager of sales of the 
entire Small and Medium Motor Div. Concurrently, Howard 
W. Bennett and Paul D. Ross were appointed managers, respec- 
tively, of the newly formed Gear-Motor and Packaged Drive 
Sales Div., Schenectady, and D-C Armored Motor Sales Div., 
Erie, Pa. 


William C. Lilliendah] has been appointed research advisory 
engineer for the Lamp Div., Westinghouse Electric Corp., 
Bloomfield, N. J. Active in Westinghouse research involving 
uranium and other rare metals for 22 years, he will direct the 
metals research of the department. 


G. C. Mapelsden is now in charge of engineering at the 
Scranton Works, General Electric Co., Scranton, Pa. Mr. 
Mapelsden was formerly quality control engineer in the Home 
Laundry Equipment Div., Appliance and Merchandise Dept., 
Bridgeport, Conn. 


Philips B. Patton, formerly field engineer, has been ap- 
pointed manager, Sales Engineering Dept., Lenkurt Electric 
Co., Inc., San Carlos, Calif. 


David S. Rau has been appointed chief engineer of RCA 
Communications Inc., New York. Mr. Rau was formerly vice 
president in charge of engineering. 


J. R. Roe and J. F. Dawson have been named engineers in 
charge of induction heating sales and induction heating de- 
sign, respectively, for Allis-Chalmers Manufacturing Co., 
Milwaukee, Wis. 


Harold Wolchonok is now engaged by Transvision, Inc., New 


Rochelle, N. Y., to head the research television engineering of 
the company. In addition, he will continue as chief consultant 
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TWO PATENTED DEVICES 
| SPEED DESIGN COPIES 
FOR MANUFACTURER 


Manufacturers requiring a large vol- | 

) ume of design, drawing or specification 
copies, produced quickly and accurately, 

) report that the Bruning Model 93 White- 
printer gives them extra value because 


of two exclusive features which eliminate 
much hand work. 

_ 
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WANT -EXACT-COPIES 
AT LOW COST? 


| You'll get them with a 





The exclusive vacuum feed on the . ° . 
Model 93 mechanically prevents folding Bruning Whiteprinter 
or shifting when masters and sensitized 


paper are fed into the machine. Co siete latest aaciilie aial 
With ordinary printing machines special aaey 3 5”? gt 


care must be taken to insure that masters reports exactly and economically 
go into the machine perfectly flat. When | with a Bruning Whiteprinter. You'll 
masters are curled, dog-eared, or creased, get crisp, smudgeproof, errorproof 
often the need for manual dexterity slows copies — at low cost — and fast! 
down the volume. Just place your original on a sheet 
With the vacuum feed on the Model of Bruning Whiteprint paper and 
93, the master is automatically “sucked” insert both into the Whiteprinter. 
: flat so that register is maintained, con- Within seconds, out comes an easy- 
, tact and exposure are complete, and all to-read. completely developed posi- 
but routine hand manipulation is elimi- | pla print oi 
nated. The device not only maintains | 7 be 
maximum speed but also assures perfect You — make an unlimited _— 
copies. tity of prints— any size up to 42 
wide by any length —in black-on- 
white or any of 20 color combina- 
tions. They come out flat, dry, 
stacked. The last copy is as clean and 
sharp as the first. Five models offer 
a complete range of capacities. 
Avoid installation troubles with a Bruning Whiteprinter. It is mobile — 
requires no plumbing, no exhaust duct; you need only connect-it to your 
electric supply. 
Get the top-quality copies you want. Get them inexpensively and on time. 
Get a Bruning Whiteprinter! For full description, send coupon or write 


Charles Bruning Company, Inc., Dept. D-120, 100 Reade St., New York. 












The patented separator of the Model | 
93 also cuts down hand work. After the 
drawing or typing on the master is trans- 
ferred to the sensitized BW paper by ex- 
posure inside the machine, the separator 
automatically returns the master to the 
operator while the paper continues on 
mechanically and in a few seconds is | 
stacked at either the front or the rear 
of the machine, ready for use. Mean- | 


while the master can be used again and | [7 ™7™ CHARLES BRUNING COMPAN Y, oa... . Ss 


again. 
mt Dept. D-120, 100 Reade St., New York, N. Y. Offices in principal cities 


RUNING 


PERFECT PRINTS... WITHIN SECONDS... FOR PENNIES *If your original is opaque, the 


Whiteprinter quickly copies it onto 
translucent stock from which you 


RINTER make as many Whiteprints as you 
HITE want, 


Thus high speed is maintained by elimi- 
nating hand separation of the master 


| 

Please send me free Booklet A-1056 describing the Bruning Whiteprint Process. 
from the BW paper, and by the mech- | Name 

| 

| 

| 





anized flow and stacking of the copies. 








. P ; ti sai ee 
Details of the BW Whiteprinter and Company neni 
the BW process are available from the Address_ siete is ail lela alae 
Charles Bruning Company, Inc., 100 | City ies ae | ie State i 
Reade Street, New York 13, New York. | Ls cies ibaa Uc lea hadaecaliat ar anus ae el eee aa = 
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Your Peerless Electric 
Motor Department can 
serve you promptly 


iy of the finest motor en- 


gineering staffs can be 


your motor department when 


you call on Peerless Electric. 


Peerless private air service—a Beechcraft Bonan- 
za—can carry one of our sales engineers to see 
you on reasonably short notice, if necessary. 
He’ll get to your problem quickly—right at your 
desk with your own designers— ready to work 


out the toughest motor problem. 


Peerless Electric motor engineering, noted for 
dependability and versatility since 1893, is as 
progressive as the modern age, and now, more 
than ever, available as the motor department of 


your business. 


THE PEERLESS ELECTRIC CO., WARREN, OHIO 
Manufacturers of Quality Motors Since 1893 
Single Phase « Polyphase « Direct Current + % to 15 H.-P. 


au Poorbess. Vlotois. ARE’ PEERLESS REGISTERED” 


and television development engineer of Sightmaster Corp., New 
Rochelle. 


B. W. Westcott is now vice president of Howell Electric 
Motors Co., Howell, Mich., and James F. Murphy has been 
appointed general sales manager. 


‘ef 
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COMPANY BRIEFS 


Meter & Instruments Div., General Electric Co., Lynn, 
Mass., has opened a new measurements laboratory housed in 
a 142,000-sq ft, 5-story building. Laboratory will be devoted 
to the research, development, design and pilot-plant manu- 
facture of meters. 


Wasserlein Manufacturing Co., Inc., formerly of St. Peters- 
burg, Fla., has moved to 1610 Madison St., Lockport, IIl. 


Sterling Electric Motors, Inc., Los Angeles, has acquired 
an ll-acre site in Van Wert, Ohio, for the construction of a 
branch plant for the manufacture of motors. 


The Barry Corp., makers of shock mounts and vibration 
isolators, Cambridge, Mass., is constructing a new plant in 
Watertown, Mass., with twice the floor space of the present 
plant. 


Cornish Wire Co., Inc., has moved its general executive 


offices to 50 Church St., New York 7. 


Armco Steel Corp., Middletown, Ohio, has installed 3 new 
open hearth furnaces there. Sheffield Steel Corp., an Armco 
subsidiary, is installing a new electric furnace at its Houston, 
Tex., plant and planning another electric or open hearth at the 
Kansas City plant. 


Consolidated Diesel Electric Corp. has moved its plant and 
offices to Stamford, Conn. Address is P. O. Box 1353, Ludlow 
and Canal St. 


American Electroneering Corp., Los Angeles, maker of air- 
craft instrument test equipment, has moved to new and 
larger quarters at 5025-29 W. Jefferson Blvd. Former loca- 
tion was 2112 S. La Brea Ave. 


Drake Manufacturing Co., Chicago, has acquired all manv- 
facturing and sales rights to the special neon-glow indicator 
lights formerly made and distributed by Littlefuse, Inc. 


Radio Receptor Co., Inc., Brooklyn, N. Y., has purchased an 
additional 90,000-sq ft factory at Wythe Ave. and N. 3rd St. 


Sonotone Corp., Elmsford, N. Y., maker of hearing aids, has 
started production of miniature electron tubes for radio and 
TV receivers. 


Radio Craftsmen, Inc., Chicago, has acquired 12,000 sq ft 
of space at 4401 N. Ravenswood to be used in TV equip- 
ment production. 


The Electric Auto-Lite Co., Toledo, Ohio, is building 4 
120,000-sq ft addition to the LaCrosse, Wis., plant. 


Beaver Industries, Chicago, maker of screw machine prod- 
ucts, is adding a cold-heading department for producing 


_ standard and special cold-upset screws, studs and rivets. 


Federal Tool & Manufacturing Co., Minneapolis, Minn., is 
now offering a short-run stamping service for phenolics, vul- 
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THE uniformly high quality of Accurate springs... 
their rigid adherence to the customers specifications 
... are the natural result of the combination of skilled 
springmakers and the most modern springmaking 
machines plus painstaking quality control proce- 
dures. Quality control is just one of the features of 
Accurate service. Certainly, we could “get by” with- 
out it like so many other spring manufacturers do. 
But we have found it pays off handsomely for our 
customers and ourselves. The customer gets uniform- 
ly good springs with savings in time and money be- 
cause there are fewer rejects and assembly runs more 
smoothly. We come out ahead because our customers 
are pleased and we’re not subjected to a flood of 
substandard “returns.” In the overall, it means lower 
costs for everyone. 
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The best way to find out what we mean is to give 
us a trial. For a quotation just send a drawing and 
specifications or, if you prefer, Accurate engineers 
will be pleased to give their assistance in developing 
new or improved design. ACCURATE SPRING 
MFG. CO., 3817 W. Lake St., Chicago 24, Illinois. 


Write for your copy of the new revised 
Accurate Handbook of Technical Data on 
Springs. This booklet has been out of 
print for some time and if you have 
previously requested a copy and have 
not received it, we would appreciate 
your asking again. 
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ELECTRIC HEATERS? 


ACRAWATT Elements in any of the above forms may serve you well in 
your newly-designed product. Our specialty, however, is to make heat- 


“THINSTRIP” Reflexed 

Bends & Bars. Com- 

pacted Core Cartridges 
- Immersion Heaters. 

@ RAPID HEAT 
TRANSFER 

@ LONGER LIFE 

@ LOWER COST 


ing elements fitting your specific needs . 
whether for weight-saving or for cost-sav- 
ing characteristics. Long runs and repetitive 
production are our strong points. Our ex- 
perience and ability are recognized by many 
of America’s leading engineers. Your in- 
quiries are solicited. 


ACRA INDUSTRIAL ELECTRIC CO. 


3007 N. RAVENSWOOD AVE. 


CHICAGO 13, ILL. 


BRASS SLEEVE =< 
HOT TINNED 


<NURLED NUT <= 


PLATING - 
[ti neD CADMIUM 


BRASS PLUG BODT= 
| LTUN PLATE 10 20 MSE 
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SUPPLIED IN 1& 2 CONTACT TVPES 


SHIELDED TYPE 


PLUGS & SOCKETS 


canized fibres, plastics, insulation paper and other non- 


metallic materials. 


The Hobsite Products Co., Inc., manufacturers of vibration 
insulation sheet material, has moved its principal offices to 308 
Sussex St., Harrison, N. J. 


International Nickel Co., Inc. has a new corrosion testing 
station at Harbor Island near Wilmington, N. C. This station 
in addition to the Kure Beach station is for the study of the 
effects of sea water and sea air on materials. 


Skinner, Harlan and Ireland, Inc., Indianapolis, Ind., has 
been organized as a consulting engineering firm which will 
specialize in projects involving permanent magnets and soft 
magnetic materials. 


The Electro Tec Corp. has moved its plant and offices to 
South Hackensack, N. J. 


ASSOCIATIONS AND SOCIETIES 


Acheson Medal Awarded Dr. G. W. Vinal 
Eleventh Edward Goodrich Acheson Medal and Prize has 
been awarded to Dr. George Wood Vinal, retired chief of 
the Electrochemistry Division, National Bureau of Standards, 
Washington, D. C. The award, a gold medal and $1000 
prize, is conferred biennially for the most outstanding con- 


CALENDAR OF MEETINGS 


Dec. 3-6—46th Annual Meeting of the American Society 
of Refrigerating Engineers, Hotel Commodore, New York, 


Dec. 11-12—Conference on Electron Tubes for Com- 
puters, Chalfonte-Haddon Hall Hotel, Atlantic City, N. J. 


Dec. 12—General Mobilization Meeting of Engineering 
Companies, sponsored by the National Association of 
Engineering Companies, Detroit. 


Dec. 14-15—Conference on Plastics Film, Sheeting and 
Coated Fabrics, Society of the Plastics Industry, Hotel 
Commodore, New York. 


Jan. 10-12—2nd Annual High Frequency Measurements 
Conference sponsored by the AIEE, IRE and National 
Bureau of Standards, Department of Interior Auditorium, 
Washington, D. C. 


LOW LOSS PLUGS AND 
SOCKETS FOR HIGH 
FREQUENCY CONNECTIONS 


For quality construction thru- 
out, and fine finish, see dia- 
gram above. 

101 Series furnished with 
%", .290", 5/16", %", or V2” 
ferrule for cable entrance. 
Knurled nut securely fastens 
unit together. Plugs have cer- 
amic insulation; sockets bake- 
lite. Assembly meets Navy 
specifications. 

202 Series Phosphor bronze 
knife-switch type socket con- 
tacts engage both sides of 
flat plug contacts—double 
contact area. Plugs and 
sockets have molded 
bakelite insulation. 

For full details and 
engineering data ask 
for Jones Catalog No. 16, 


JONES MEANS PROVEN QUALITY 


Howarp B. 


NCH MANUFACT 


SUBSIDIARY OF 


Atte een 


RING ORPORATION 
. ¢ 


UNITED-CARR FASTENER CORP 


Jan. 18-20—Seventh Annual National Technical Con- 
ference, Society of Plastics Engineers, Inc., Hotel Statler, 
New York. 


Jan. 22-25—57th Annual Meeting of the American So- 
ciety of Heating & Ventilating Engineers, Philadelphia. 


Jan. 22-26—Winter General Meeting of the AIEE, Hotel 
Statler, New York. 


Jan. 22-26—10th International Heating and Ventilating 
Exposition held under the auspices of the American 
Society of Heating and Ventilating Engineers, Commer- 
cial Museum, Philadelphia. 


Jan. 22-26—Seminar on the Organization of Company 
Standardization, American Standards Association, Room 
501-A, Engineering Societies’ Building, New York. 


Mar. 5-9—ASTM Spring Meeting and Committee Week 
Cincinnati, Ohio. 
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automatic molding 
presses have oper- 
ated 24 hours a day 
ever since they were 
installed. The only 


work required is 


ey In the re-designed form—plastics replacing porcelain—the product is 


generally superior: more durable, lighter, easier to handle, and with 


less external heat loss. 


If you want to know what automatic molding can 
save you in production costs, send parts or blueprints 
for a free 

analysis and 


report by Stokes 





engineers. 


. J. STOKES MACHINE COMPANY, 5998 
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Silicone bonded glass 
Covered magnet wire 


Silicone treated 
glass cord 


Silicone glass sleeving 


Silicone giass cloth and silicone rubber 
phase strips lead wire cable 


Silicone giass-mica 
glass slot insulation 


@ For electrical equipment which must operate at 
high temperatures or subject to frequent overloads, 
specify component parts made with G-E silicone 
bonding resins and treat coils with G-E silicone im- 
pregnating resins. 

This new class of electrical insulation has a tempera- 
ture range of 90-135 F above conventional insulating 
materials. It permits continuous operation of equip- 
ment at a hot-spot temperature of 355 F. 


Higher Safety Factor 


G-E silicone resins are particularly valuable for motors 
which must operate under frequent overloads. They 
provide an unusually high safety factor, easily with- 
standing temperatures up to 480 F for limited periods. 
Expensive rewind costs from burned-out insulation 
can often be materially reduced when motors are in- 
sulated with materials made with G-E silicone resins. 
Be sure to use G-E silicone impregnating resins to 
complete your job. 


For the name of the 
manufacturer who can 
supply you with Class 
H materials, just 
write to Section G8, 
Chemical Department, 
General Electric Co., 
Pittsfield, Mass. (In 
Canada, Canadian 
General Electric, 
Toronto) 
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tribution in the fields of activity fostered by the Society. He 
has been active in the establishment of the values for the 
international volt and ampere, and as a result has published 
a number of papers on the silver voltameter. Dr. Vinal was 
with the Bureau for 42 years and chief of the Division of 
Electrochemistry since its establishment in 1918. 


RTMA Engineering Department Moves 

New York Headquarters of the Engineering Department 
and Data Bureau, Radio-Television Manufacturers Associa- 
tion has moved from 90 West St., to 489 Fifth Ave., just 
off 42nd St. Office is located in suite 710-711 and new tele- 
phone numbers are Murray Hill 2-8190-8192. Larger space 
in the new office includes a conference room which will ac- 
commodate most of the committee meetings of the Engineer- 
ing Dept. 


Earle Buckingham Receives AGMA Award 


Edward P. Connell Award for 1950 was given to Prof. Earle 
3uckingham of MIT by the American Gear Manufacturers 
Association. Award was made to Professor Buckingham “in 
recognition of his many years serving as a teacher, student, 
and author. His work in these fields has had widespread 


influence on the design, application and use of gears.” 


BOOK REVIEWS 


Research in Industry, Its Organization and Management 
C. C. Furnas, Editor. Sponsored by Industrial Research 
Institute, Inc. Published by D. Van Nostrand Company, 
Inc., New York. $6.50. 


Some 33 research directors contributed to this volume which 
covers not. only the broad objectives of research in industry, 
but also detailed administrative functions. The latter includes 
chapters on the research director’s job, organization charts, 
preparation of reports, qualifications and training of research 
personnel, salary policy and the research budget. Technical 
factors include the location, design and construction of a mod- 
ern research laboratory, instruments and supplies and service 
personnel and facilities. A discussion of practical factors such 
as selecting projects for research and translating research re- 
sults into new products and factory procedures are covered. 

Among those who contributed chapters to the book are E. 
W. Engstrom, Vice President in Charge of Research, RCA 
Laboratories; C. C. Furnas, Director, Cornell Aeronautical 
Laboratory; W. R. Hainsworth, Vice President, and R. S%. 
Taylor, Chief Engineer, Servel, Inc.; Don G. Smellie, Director 
of Engineering, The Hoover Company; and W. E. Zieber, 
Director of Research, York Corporation. 


Manual on Fatigue Testing—by ASTM Committee E-9. 
Published by American Society for Testing Materials, 
1916 Race St., Philadelphia 3. 88 p. $2.15 in heavy paper 
cover, $3.15 in cloth cover. 

Purpose of this manual on fatigue testing is to supply 
information to those setting up new laboratory facilities, to 
aid in operating the equipment properly, and to offer advice 
on presentation and interpretation of data. Well illustrated 
the manual contains eight sections: Introduction, symbols and 
nomenclature, testing machines, specimen preparations, pro- 
cedure and technique, presentation of data, and interpretation 
of data. Bibliography includes more than 50 references. 


The Condensed Chemical Dictionary—Fourth Edition— 
Francis M. Turner, Editorial Director. Reinhold Publishing 
Corp., New York 18. 726 pp. $10.00. 


Some 23,000 individual entries make up the new fourth 
edition of this well-known reference book. Dictionary covers 
raw materials, industrial and fine chemicals, plastics, and 
related materials. All entries are alphabetically arranged, with 
pertinent data on properties, formulas, derivation, uses, avail- 
able commerical grades, etc. Proprietary names are included 
in proper alphabetical position along with chemical terms. 
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HIGH POWER 


For 60 cps power sources—27 styles—maximum output powers 
from 62 watts to 4200 watts. 









All amplifiers fur- 
nished complete with 
Vickers special Seleni- 
um Rectifiers. 





HIGH PERFORMANCE 


For 60 cps power sources—28 
styles — maximum output 
powers from milli-watts to 108 
watts. For 400 cps power sources 
—20 styles—maximum output 
powers from 30 watts to 385 
watts. 






Now More Than 90 STANDARD 


Styles Offer These Advantages 


@ HIGH PERFORMANCE 

@ NO MAINTENANCE 

@ RUGGED CONSTRUCTION 
NO MOVING PARTS 

@ NO WARM-UP TIME 

e@ A-C OR D-C CONTROL 
A-C OR D-C OUTPUT 

@ RESPONDS TO SUM OR DIFFERENCE 
OF SEVERAL SIGNALS 


@ ALLOWS ELECTRICAL ISOLATION 
BETWEEN CIRCUITS 





HIGH GAIN 


For 60 cps power sources — 22 
styles — maximum output 
powers from 12 watt to 1200 
watts. 





WRITE FOR BULLETIN 20-A 


for information on the complete 
TYPICAL APPLICATIONS line of Vickers Standard Magnetic 


Amplifiers. Please make request 


Servomechanisms — Line-To-Line 
on your letterhead. 


Voltage Regulators — Hydraulic 
Transmission Controls—A-C and D-C 
Generator Voltage Regulators—Speed 
and Frequency Regulators — Lamp 


and Furnace Controls— Temperature VICKERS ELECTRIC DIVISION 
Regulators—Time Delay Devices. f Vi ICR ERs a. 


1803 LOCUST STREET e¢ ST.LOUIS 3, MISSOURI 
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Completes 300 TV sets = 
meets daily quota 
(at a cost of $4.70) 









Delicate coils were needed by Midwest manufacturer to 
complete 300 TV sets ...and Massachusetts supplier was 
920 miles distant! Air Express assured delivery by 8 o’clock 
next morning, so manufacturer ordered 500 men to report for 
work. Shipment arrived 7:20 A.M.—production rolled! Ship- 
ping cost for 17-lb. carton only $4.70! Manufacturer uses 
Air Express regularly to keep business in high gear. 











Feature Article Reprints 














As a service to readers who wish to retain articles ap- 
pearing in ELECTRICAL MANUFACTURING in their 
own files, selected feature articles from each issue are re- 
printed and announced on this page as soon as they are 
ready for distribution. Those readers to whom copies of 
ELECTRICAL MANUFACTURING are addressed, or 
others who regularly receive each issue, may secure 
single copies of any reprint without charge upon a com- 
pany letterhead request addressed to: 


J. A. Campell, Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Because of cost factors, this free reprint service is re- 
stricted to qualified readers of ELECTRICAL MANU- 
FACTURING. When requesting these reprints, if the 
copy you read is not addressed to you, please confirm 
that you regularly receive each issue and include, if 
known, the reader’s name to whom your copy is ad- 
dressed. Those who do not qualify for this free service 
may secure reprints at the prices quoted below. 













Six articles appearing in the November issue and two 
from October have been reprinted and are now ready 
for distribution. Since quantities are limited, requests 
for these editorial reprints should be made promptly; 
when the initial supply is exhausted no more copies can 
be supplied. 


Teaming up With the Defense Agencies, October 1950, 
8 pages. Who handles what and how in the different 
catagories of the defense organization, including 
research, standards and procurement. 


Mechanical and Electrical Factors in Servomechanism 
Design, November 1950, 8 pages. Factors often 
overlooked in design that can have a _ substantial 
effect on dynamic performance. 


Machine Tool Electrical Standards, November 1950, 12 
pages. Complete text of revised NMTBA Standards 
combined with J.I.C. Standards; reprint includes 
explanatory comments by members of the Electrical 
Standards Committee. 


Practical Factors in Applying Organic Finishes, Novem- 











$4.70—and special pick-up 
and delivery included! Low 
Air Express rates cover door- 
to-door service. More con- 
venient —easy to use. Just 
phone for pick-up! (Many 
low commodity rates in 
effect. Investigate.) 


Air Express goes on all flights 
of Scheduled Airlines. Ship- 
ments keep moving around 
the clock—speeds up to 5 
miles a minute. Experienced 
handling. Phone Air Express 
Division, Railway Express 
Agency, for fast action. 


ber 1950, 8 pages. Basic information on paint and 
varnish technology, quality control methods, appli- 
cation techniques and shop problems—needed to 
see a coating job through from beginning to end. 


Fundamental Approach to Color in Design, October and 
November 1950, 12 pages. Combined reprint offers 
basic knowledge of the science of color, working 







e + 
Air Express gives you all these advantages: 
World's fastest transportation method. 
Special door-to-door service at no extra cost. 
One-carrier responsibility all the way. 















Experienced Air Express has handled over 25 million shipments. 


I Mg 


GETS THERE FIKST 


Rates include pick-up and delivery door 
to door in all principal towns and cities 


A service of 
Railway Express Agency and the 





1150 cities served direct by air; air-rail to 22,000 off-airline points. 












color systems, methods of specification, production 
control and tolerances; for use in selecting product 
finishes to meet functional as well as styling pur- 
poses. 


How to Extend the Life of Vacuum Tubes, November 
1950, 8 pages. Circuit design to cushion electric 
shocks, test circuits for marginal checking, and 
operating practices that increase reliability. 






















Testing Coils for Shorted Turns, November 1950, 4 pages. 
Production test combined with high-voltage test 
will detect a single shorted turn. 






Many of the reprints listed on this page in earlier 
issues of ELECTRICAL MANUFACTURING are no 
longer available. Here are the titles currently in hand 





(Continued on page 164) 
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... The Refrigerator’s Guardian Angel 





The Magic Defroster will defrost 
any electric refrigerator at any 
hour...for any period. 


Manufacturer: 
Basic Products Corporation, 
Fort Wayne, Indiana 


Molder: 
Wayne Plastic Products 
Division of 
Wayne Home Equipment Co., Inc. 
Fort Wayne, Indiana 
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.. «1S profitably dressed in 


PLASKON 
WHITE 


... not alone for its instant consumer 
acceptance — beauty in tone and tex- 
ture —dream-kitchen permanent white 
that minimum care maintains. Basic 
Products Corporation chose Plaskon 
Urea White for certain special qualities, 
too: exceptional insulating properties, 
ready adaptability to wipe-in lettering 
techniques and economy. 


Investigate the unexcelled merchandis- 
ing and production merits of Plaskon 
Urea and Melamine Thermosetting 
Molding Compounds. Available in 
your colors. Literature and the counsel 
of our service engineers are yours 
for the asking. 


PLASKON 


MOLDED COLOR 





PLASKON DIVISION « tisBey-OWENS-FORD GLASS CO. 
2137 Sylvan Avenue « Toledo 6, Ohio 


Branch Offices: 
Boston, Chicago, Los Angeles, New York, Rochester, San Francisco 


Manufacturers of Molding Compounds, Resin Glues, Coating Resins 
In Canada: Canadian Industries, Ltd., Montreal, P. Q. 
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Saal Were (Continued from page 162) 
for which single-copy requests will be filled as long as 


the supply lasts: 


Safeguards for Safety in Electrical Product Design, Octo- 
ber 1950, 12 pages. Where, why and what safe- 
guards are required; how hazards from electrical 
shock are avoided; an analysis of quasi-official regu- 
lations affecting product planning. 


specially engineered 


Fluorocarbon Resins—Properties and Applications Ap- 
praised, August and September 1950, 20 pages. 
Spurred by military needs, a whole new class of 
high-temperature stable, chemically nonreactive ma- 
terials of high dielectric values is being developed. 

Part I analyzes the unique properties of these resins; 
Part II discusses specific applications. 

How to Select Shaded-Pole Motors, September 1950, 
8 pages. Steps to be followed and factors consid- 
ered in matching motors to the load; types, features 
available and suppliers. 


Timing, Counting, Selecting Circuits Taken from Eleva- 
tor Practice, September, 8 pages. Some basic circuits 
useful in solving automatic control problems. 


Speed-Torque Curves on an Oscilloscope, September 
1950, 4 pages. Electronic system that traces a com- 
plete speed-torque curve of an electric motor dur- 
ing acceleration to full speed from standstill. 


Designed-In Resistance Heaters, September 1950, 12 
pages. How to obtain good heat transfer with efh- 
cient performance and long life; a survey of com- 
mercial sheathed elements and radiant types. 

12 Ways of Reversing Capacitor-Start Motors, August 
1950, 8 pages. Components required and schematic 
wiring diagrams for rapid reversal and instant re- 





















versal with operating characteristics of each circuit. S| 
Printing Press Speed Control with Magnetic Amplifier, 
August 1950, 4 pages. Design and performance of 
a control for shunt-wound d-c motors operated off bv K 
ignitron rectifiers. 1 
adve 
Cold Rolled Electrical Strip for Rotating Equipment, pa 
August 1950, 8 pages. Continuous strip material TesiS 
that can be substituted directly for hot-rolled sili- here 
con sheets for faster production, longer die life. poe 
Pressure-Sensitive Adhesive Tapes, July 1950, 12 pages. And 
Some 40 different types offering improved insula- : 
tion, faster assembly and compactness; character- with 
istics and applications tabulated. ertic¢ 
Designing Amplifiers for Servomechanisms, July 1950, elec 
12 pages. How to apply basic antihunt methods to 
obtain desired accuracy, stability and speed of re- H 
s e. s hro Controls F i é sits 
Hassall cold-headed fasteners _— Also Syne a eed Tension, a ven 
7 dual-motor speed and synchronizing control. 
can improve your products and : ‘ 8 ing, 
siennmeniieiinine: anti aeneleess What is a “50 C” Motor, July 1950, 8 pages. Funda- ew 
Y ¥ : ; mental interpretation of motor temperature ratings 
runs. Send us your specifications in terms of “hottest-spot” temperature for various clos 
for your nails, rivets and screws classes of insulation. he. 
... in diameters from 1/32” to How to Lay Out Control Circuits, April 1950, and and 
3/8"...lengths up to 7”...in any Elementary vs. Schematic Circuit Diagrams, July | 
workable metal ...in prac- 1950, 8 pages. Step-by-step procedures for ana- is 
tically any finish. Your inquiry lyzing control circuit problems, and graphical I 
0 Bn aiid methods for construction and interpretation; and an 
wy e handled promptly. actual case history demonstrating the advantages of sett 
Ask for free catalog. the elementary diagram in design. wit 
JOHN 4 ASS ALL INC Miniaturization—Crux of Contemporary Product Design, we 
f ° June 1950, 8 pages. How unitized package, inter- 
124 Clay Street * Brooklyn 22, N.Y. changeable module, printed circuits, new materials 
and production methods are reducing size, weight, 
complexity and maintenance. f 
Silicone Rubber Emerges as a Dielectric Material, June 
1950, 8 pages. New formulations for insulating ma- 
(Continued on page 166) 
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FOR Custom-Moulded TEFLON er 
LIKE THESE... | 
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Moulded Teflon liners shown % actual size. 


by Kurz-Kasch for The Duriron Company, Inc., takes full 


This Teflon valve liner, moulded 


advantage of this most chemically inert of materials. It TEFLON LINER 
resists all known acids, alkalis, etc. Nothing known ad- 
heres to it. It will withstand a temperature of 500° F. 
This revolutionary Durco 
Plug Valve, with its Kurz- 
And its moulded-in wax-like surface permits free turning Kasch-moulded Teflon 
liner, realizes to the full- 
est the astounding char- 
acteristics of this new 
electrical and food processing industries are suggested. material, It is virtually 
. leak-proof, self-lubricat- 
Here’s the catch. Teflon cannot be moulded by con- ing, and operates with high sealing pressure, full-opening 


ventional methods. Some parts are produced by machin- round ports and a high safety factor, It will deliver better 
performance over longer periods, 


continuously. It has zero water-absorption. It is non-toxic. 


without lubricants. Inasmuch as Teflon’s electrical prop- 
erties are also outstanding, applications in the chemical, 


ing, but this has drawbacks where a smooth wax-like 
surface is required. From the outset, we have worked 
closely with Durco engineers to produce parts such as 
these with uniform wall thickness, flange, and taper inside 


and out by a proved moulding technique. It consists of 
pressing preforms, sintering at 700° F., and coining. 
If you’re interested in Teflon—or any other thermo- | Phe Sc 


setting material—talk to a moulder who has grown up 


with them. We don’t pretend to know all the answers, but FOR OVER 34 YEARS PLANNERS AND MOULDERS IN PLASTICS 


we'll honestly, sincerely appraise your problem. 


Kurz-Kasch, Incorporated « 1419 South Broadway « Dayton 1, Ohio 


BRANCH SALES OFFICES: New York, Lexington 2-6677 * Chicago, Harrison 7-5473 © Detroit, Trinity 3-7050 * Philadelphia, 
Granite 2-7484 * Dallas, Lakeside 1022 * Los Angeles, Prospect 7503 * St. Louis, Delmar 9577 * Toronto, Gladstone 5491. 


EXPORT OFFICE: 89 Broad Street, New York City, Bowling Green 9-7751. 
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MERCOID 
CONTROLS : 


ou cen always count on 
their fine engineering : 
to give very dependable 
service for along time : 
They are built to last. : 


Complete catalog sent upon reouest 
é 


THE MERCOID CORPORATION : 
4201 BELMONT AVE. CHICAGO 41, ILL - 


East and Midwest, 
2 modern 


VERRALL 


al - We ol} 


SATAY LES 


Loli mce la Mol Oh, 


Your phone book lists the nearest Alcoa 
soles office under “aluminum”. For 
prompt quotation, technical books and 
help based on 62 years of aluminum 
knowledge ...call there or write 
ALUMINUM COMPANY OF AMERICA, 
1896M Gulf Building, Pittsburgh 19, Pa. 


PVR) CATT 


Te NEL Ich 


(Continued from page 164) 
terials combining wide-range thermal stability, flexi- 
bility at very low temperature and resilience. 


Beryllium Copper at Critical Points, June 1950, 8 pages. 
How service-free performance at lowest cost was 
obtained in four parts in an IBM machine. 


Matching Solenoid Characteristics to Load, June 1950, 
8 pages. Fundamental considerations that lead to 
increased efficiency and reliability, and nine sug- 
gestions for correct selection and application. 


Relay Circuit Ideas Taken from Telephone Practice, May 
1950, 8 pages. A variety of sequence, time delay, 
pulsing and steering relay circuits adaptable to ma- 
chine control functions. 


Application of Low-Loss Plastics, May 1950, 8 pages. 
Re-evaluation of design significance of dielectric 
properties and factors influencing behavior of 
low-loss plastics; dielectric properties tabulated. 


Ceramics as Insulators and Dielectrics, May 1950, 12 
pages. Data on mechanical strength, resistance to 
heat shock, moisture permeability, relative cost and 
other factors that determine selection of type. 


New Single-Phase Motors in Integral-Horsepower Rat- 
ings, April and May 1950, 16 pages. A complete 
reprint of this two-part article giving design and 
operating characteristics for single-phase capacitor 
types with ratings up to 20 hp, with performance 
data on comparable repulsion-induction types. 


Dimensions Measured Photoelectrically, April 1950, 4 
pages. Precise measurements obtained by electronic 
chronoscope controlled by light beam. 


Progress in Synthetic Mica, March 1950, 8 pages. Com- 
prehensive report on the status of coordinated re- 
search projects aimed at large-scale production. 


Microwaves Offer New Control Functions, March 1950, 
8 pages. How the functions of a photoelectric con- 
trol and many others can be performed. 


Selection Chart for Plastics Materials, February 1950, 
4 pages. Properties, costs, and fabrication methods 
for 13 thermoplastic and 11 thermosetting materials. 


Stainless Steel Cuts Costs, February 1950, 8 pages. Prop- 
erties of 29 types, and examples of cost-cutting ap- 
plications in electrical equipment and appliances. 


How Small Can a Motor Get? January 1950, 4 pages. 
Cost and performance considerations as affected by 
efficiency, iron and copper losses, improvements in 
materials and manufacturing methods. 


Research Developments in Dielectric Materials, January 
1950, 12 pages. New materials and test methods 
reported at Conference on Electrical Insulation; 
high-temperature materials dominate. 


V-Belt Drives for Adjustable Speeds, January 1950, 8 
pages. Advantages and limitations of available types 
suitable for designed-in service. 


Assembly Savings Through Fastening Analysis, December 
1949, 8 pages. Case histories of electrical products 
showing cost savings obtainable. 


Basic Approach to Servomechanism Design, December 
1949, 8 pages. Practical analogies demonstrating 
the relation between speed, accuracy and stability, 
and basic methods for reducing hunting. 


Incompatible Standards, December 1949, 4 pages. How 
lack of standards affects designing products for the 
world market; progress now being made. 


Practical Factors in Applying Insulating Varnishes, De- 
cember 1949, 12 pages. Importance of compound- 
ing, application and testing of varnishes. 

(Continued on page 168) 
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NEW REVERSING CONTACTOR 
FOR CONTINUOUS DUTY 


A new small reversing contactor announced 
by Struthers-Dunn, Inc., 150 N. 13th Street, 
Philadelphia 7, Pa., is constructed for contin- 
yous duty control of A-C or D-C equipment 
wch as hoists, door operators and motorized 
nlves. The design of this new Type 175KXX 
contactor has been based on broad experience 
in applying previous Struthers-Dunn contac- 
tor types and incorporates advantages such as 
greater ruggedness and the ability to with- 
sand continuous service. The new unit is 
ideal for built-in applications and completely 
setviceable from the front. 

The contactor consists of two 3-pole sole- 
wids for forward and reverse operation 
mounted on a common frame and mechani- 
ally interlocked to prevent simultaneous 
dosure. Contacts are completely insulated 
vith Melamine to minimize arcing damage. 
Open arc chutes allow rapid cooling and es- 
ape of ionized gases. 

Auxiliary contacts can be added for electric 
lck-up or interlock. All fixed contacts are 
interchangeable as are the moving contacts 
wid corresponding parts on each solenoid. 

Data Bulletin 7100 containing full details 
of the contactor will gladly be sent on re- 
quest. 


NEW DB TIMER 


for Simplified Control of 
Continuous Process Work 





A unit for the automatic timing of con- 
tinuous processing work where the various 
process periods bear a percentage relationship 
to the total time cycle has been introduced by 
Struthers-Dunn, Inc., 150 N. 13th St., Phila- 
delphia 7, Penna. In addition to eliminating 
the need for numerous cascaded timers, the 
tew Struthers-Dunn Type DB Timer usually 
tequires much less auxiliary control equip- 
ment. An entire process combining many op- 
tations can readily be set up on the single 
dial of the DB Timer. Adjustments of both 
the total time cycle and the timing of indi- 
vidual periods can easily be made. 

Write for Struthers-Dunn Data Section 7110. 





DECEMBER 1950 


STRUTHERS: DUNN 


THERMAL TIME 
DELAY RELAYS 


ie ad 


Se, 


S Pe Erean 
a 


dependable 


.-- low cost 


thermal timing 


Struthers-Dunn thermal time delay relays 
offer a broad, economical selection for hundreds 
of applications where highly precise motor- 
operated timers represent unnecessary expense. 
Standard timing accuracy is +10%. Suitable 
units are supplied for practically any specified 
timing from 1 second to a matter of minutes. 
Non-immediate recycling types that function 
through heating action only and immediate 
recycling types utilizing both the heating and 
cooling cycles are available. 


WRITE FOR S-D DATA BULLETIN 8500 


150 N. 13th St., Philadelphia 7, Pa. 
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ANCHORED-FOR-PERMANENCY 


STRAIN RELIEF 


Wherever exterior cables or cord conductors are used to 
provide the power source, Gripmaster Strain Reliefs 
offer positive proof against cable failure. These inex- 
pensive, easy to install safeguards securely anchor the 
cord at entry point and prevent loosening at the termi- 
nals. Withstand pulls to 100 Ibs.; Underwriters accepted. 


3 types, many sizes, to fit any cord or cable connection. 


GRIPMASTER ALL-METAL TYPE 


A low cost strain relief easily ap- 
plied to the end of a cable or con- 
ductor with a pair of special pliers. 
Made in one piece and available 
in five sizes. Sturdy wing end con- 
struction permits cable to be firmly 
anchored and protects terminals 
against loosening. 


Gua CLICKON TYPE 


All fibre, this type is designed to re- 
duce failures and protect the useful 
life of power cables and cords on 
electrical appliances and machines. 
Clicks on, locks in position. Tight grip 
absorbs cord pull and prevents un- 
ravelling of insulation. 7 sizes. 


, GRIPMASTER INSULATED TYPE 


For all types of cord equipped elec- 
trical equipment. Particularly suited 
to volume production. May be ap- 
plied by means of a special hand 
tool or foot pedal—operation 
bench unit. Forms a neat, compact 
ring around cable. Available in 7 
different sizes. 


WIRE BINDING SLEEVES 


For prevention of fraying of 
cord ends. Specially treated 
rubber tubes available in 
five sizes to fit wires to .790 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS OF GRIPMASTER STRAIN RELIEF 


118 AMSTERDAM -AVENUE PASSAIC, NEW JERSEY 
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Electrical Count Control Devices, November 1949 and 
January 1950, 8 pages. Available types for designed- 
in use giving positive control of number of opera- 
tions at rates up to 10,000 per min. 


Portable Batteries for Built-In Power Sources, August 
1949, 8 pages. Operating characteristics, space and 
weight data for wet and dry types. 


What the Armed Services Want, March and April 1949, 
8 pages. Market for electrical and communication 
equipment; mobilization plan for the industry. 


Electrical Insulation—Navy’s Program Moves Ahead, 
November 1948, 12 pages. Developments in glass- 
silicone and other new arc-resistant laminates. 

Universal Motors as Low Cost Drives, September 1948, 
6 pages. Balancing cost against performance in se- 
lecting type of winding, rating, speed control 
method, commutator and bearing design. 


Bulk quantities (five or more) of any of the reprints 
announced here, or previously listed for which a supply 
is still available, may be obtained at the following prices 
per copy on orders accompanied by remittance. 


Quantity Number of pages in reprint 
ordered 4 8 12 16 


5 $0.35 $0.50 $0.60 $0.70 
10 0.25 0.35 0.45 0.55 
25 0.20 0.30 0.40 0.50 
50 0.15 0.25 0.35 0.45 


As a special service to Librarians to whom issues of 
ELECTRICAL MANUFACTURING are addressed, a 
maximum of five copies of any one title will be supplied 
without charge. Quantities of six or more are available 
at the price schedule above. 


Many of the titles listed earlier this year have long 
since been exhausted and have been removed from list- 
ing. Requests can no longer be filled for the following 
editorial reprints: 


Hermetically Sealed Components for Industrial Control 
Transducers—Sensing Elements for Servos 

Nylon Plastics Make Tough Components 

Problems in Fungus and Moisture Deterioration 
Technical Glass Is Not Just Glass 

Magnetic Recording Systems in Product Design 
Control Systems for D-C Adjustable-Speed Drives 
Design Considerations in Selecting Resistance Alloys 
Improved Cooling of Electrical Devices 

Impact of Military Requirements on Product Design 
Thermistors as Components in Product Design 
Vitreous Enamel for Electrical Insulation 

Flea Power Synchronous Motors 


What About Electrets? 


(Continued from page 99) 


electric fields in electrical measuring instruments, such a 
electrometers. 
18. “Improvements in or Relating to Electrostatic De 
vices for the Interconversion of Electrical Vibrations 
or Compressional Vibrations in a Fluid Medium, 
A. Gemant, British Patent No. 438,672, November 21, 
1935. 

Utilization of electrets to produce the electrostatic field 
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Cabinet for Admiral 
14” Television Console 


Width: 
Depth: 
Weight: 


«ee produced by MPc for Admiral Corporation 


Earlier this year, Admiral took the television industry 

by storm with the first 12% inch receiver housed in a 
plastic console ... molded by MPc. At that time, 

today’s larger picture screens were already “on the boards.” 
With an alert eye to the future, Admiral asked MPe 

to design the 122 inch molds for ready conversion to 


larger tube sizes. 


Here is the result. With the substitution of a new 


face plate, the 12% inch molds “grew” to 14 inch size. 


4 


We welcome such challenges, here at MPe. 
Inventive engineering...plus tooling and production 
facilities to handle the “big ones”...can make plastics 
perform to your commercial advantage. Submit your 
plastics product or problem to MoLpED Propucts 


Corporation, 4535 W. Harrison St., Chicago 24, Ill. 


MOLDED UW) propucts 


coe 
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Cut rejections to a minimum! 


Compound stamping dies—precision made by our own tool and die 
experts—hold dimensions, flatness and tolerances of WINZELER 
Stamped Gears to exacting specifications. Whether your order is 
for 5000 or 1,000,000, this precise tooling plus rigid inspection 
assures you of the uniformity which cuts rejections way down. 


Save money on your Gear needs — we'll stamp them from any de- 
sired material; or produce gear assemblies by staking, brazing or 
riveting methods where indicated. Our skilled Stamped Gear 
experts will gladly help work out your problems, however simple 
or involved they may be. 


ASK FOR suggestions, ideas, samples—low cost estimate! Write today! 
No obligation of course. 


WINZELER MFG. & TOOL CO. 


ILLINOIS 


1716 WEST ARCADE PLACE © CHICAGO 12, 
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ADRIAN 


X-RAY 
INSPECTORS 
See rough 


COMPLETED 
ASSEMBLIES 


OU actually see through bakelite or aluminum housings for the 
VISUAL inspection of completed assemblies. 


Use ADRIAN X-RAY Inspectors for final checking of switches, 
transformers, relays, regulators or any other aluminum or plas- 
tic housed product. 


Conveyor or stationary models available 
Consult ADRIAN on your inspection problems! 


ADRIAN Industrial 


DIVISION OF THE ADRIAN X-RAY COMPANY 
Mfrs. of Industrial and Professional X-Ray Equipment 
344 E. WARD STREET MILWAUKEE 7, WISCONSIN 
















in microphones and similar applications. 









































19. “Recent Investigations on Electrets,” A. 
Philosophical Magazine, Vol. 20, 1935, p. 929. 


Gemant has verified Eguchi’s work and coined the words 
heterocharge for the temporary, and homocharge for the 
permanent charge. The electret is the electrical counter- 
part of the permanent magnet and is characterized by its 


Gemant, 


specific surface charge (magnitude: five absolute units 
per cm?) or by the electric moment per unit volume. An 


electret has no definite potential, but at a distance of 1 
mm from the electret, the potential is about 1000 volts per 
cm. The charge is only high as long as the electret is 
shorted, that is, only the field between it and a rather close 
metallic plate can be utilized. The electret is not a battery; 


does not do any work by itself, but small spark dis-§ 
charges can be obtained from the electret. 


Electrets are very sensitive to moisture and keep their 
satisfactorily only if kept dry. If not shorted 
during exposure to high humidity, the charge is not re- 
upon drying. Mechanisms are proposed for the 
production of the hetero- and homocharges. The latter is} 
believed to be due to oriented crystallization of dipole 
crystallites, with the solidification shrinkage pressure in-] 
ducing a secondary piezoelectric effect. Materials yielding J 
ions (acids) produce only a heterocharge, whereas non-@ 
dissociating dipoles (chiefly esters) produce the steady? 
homocharge. Electrometers and electrostatic microphones § 
are mentioned as potential applications for electrets. 


charges 


covered 


20. “On the 
G. Groetzinger, 
ws 589. 


Thermal Conductivity of Electrets,” 
Physikalische Ze itschrift, Vol. 37, 1936, 


It is shown that an electret has greater thermal conduc- 
tivity than the corresponding unpolarized material. This™ 
points to an ordered arrangement within the electret and 
is a definite criterion of an electret. 

21. “On the Liberation of 


melting of the Electret,” H. 
Ihid., Vol. 37, 1936, p. 720. 


During the melting of an electret, a current is given off, 
the magnitude of which is independent of the age of the] 
electret. For a polar dielectric charged in the solid state, 
the recovered current decreases with time. In case of the 
nonpolar paraffin, there is no difference in the recovered 
current whether the paraffin is charged in the liquid of 
in the solid state. 


Electrical Energy by Re- 
Frei and G. Groetzinger, 


22. “On an Anomalous Behavior of the Dielectric Con-) 
stant of Higher Organic Acids in the Vicinity of the 
Point of Solidification,” B. Piekara, Ibid., Vol. 37, 
p. 624. 


The dielectric constant of some higher fatty acids ine 
creases suddenly at the moment of solidification, and then 
recedes to a value below that prevailing in the liquid state, 
The latter is to be expected from the Debye dipole theory, 
but the sudden increase at the point of solidification is 
an anomaly observed only with some of the higher fatty 





acids. 

23. “Electric After-Effects in Solidified Dielectrics,” 
P. A. Thiessen, A. Winkel and K. Herrman, /bid., Vol. 
37, 1936, p. 511. 


The theories advanced to explain the electret phenomenon 
are considered inadequate: the dipole theory does not ex- 
plain the charge reversal ; the piezoelectric theory by Adams 
has probably not been proven, since the effects noted by 
Adams most likely were due to capacity changes, and not 
the de-mixing theory by Nakata 










to a piezoelectric effect; 
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MAKES BETTER PROD 


The special tight bond of zinc to steel makes Galvanite* 
the most desirable material where severe fabrication of 
rust-repelling steel is necessary. The finish stays put— 
cutting reject losses and adding to sales appeal. It doesn’t 
flake or peel or coat dies—saving production time and 
costs. For the same reasons it won't fail—bringing ever- 
lasting customer satisfaction. For electrical hardware — 
or anything else that requires. zinc coat steel—there’s | 


nothing better than Galvanite*. 
Galvanite Is NOT Shiny 


The special patented process employed in the manufac- 
ture of Galvanite* gives the steel a grey finish. Do not 
expect a shiny, tinny appearance. Most products made 
of Galvanite* are hidden or painted — therefore Sharon 
makes no attempt to beautify the steel. Only high quality 


at standard prices are considered in its manufacture. 
sae oe 


For Quality Electrical Sheet, Stainless, and Special 
Alloys, Too, Specify Sharon—Fine Steels For More 
Than Fifty Years 
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SHARON STEEL CORPORATION 
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v, more than 


70 years 


we have specialized 


in the mass production 


of custom-designed tech- 


nical ceramic components 


Details on request. 





D. M. STEWARD MFG. COMPANY 


Main Office & Works: Chottonooga, Tenn. 
CHICAGO, D. G. Wilson, 749 Crescent Bivd., Gien Ellyn, iil. ¢ CLEVELAND, F. W. Lutner, 
ENGLAND, 


5713 Euclid Ave., e NEW 


. P.O. Box 196, Needham, Mass., e NEW YORK 10, 
& S Cristie & Co., 175 Fifth Ave., © PHILADELPHIA 8, Associoted 


401 North 


Brood St., © LOS ANGELES, Electrico! Manufacturers Supply Co., 4116 Avalon Boulevard 


PHALO 










Offers ASSURED QUALITY 


All PHALO plastic insulated wire 
and cables, cord sets and other 
assemblies have one characteristic 
in common .. . they are all 
quality assured! The latest in 
testing equipment and methods 
guarantees this to every PHALO 
customer. 


Your inquiry will have our 
prompt attention! 


Monvufacturers rood Thermoplastic 





Ask for the latest 













PHALO catalog. 


Commercial & Foster Streets, 


WORCESTER, MASS. 


nsulated wire, cables, cord sets and tubing 








has been checked by the authors who failed to find any 
evidence of de-mixing. It is demonstrated that a dielectric 
can also be given permanent charges by friction, and that 
such charges are retained for months, if only the charged y 
dielectric is stored in the same manner as an electret, 


24, “On the Permanent Polarization of the Electret,’ 
G. Groetzinger and H. Kretsch, Zeitschrift fiir Physik, 
Vol. 103, 1936, p. 337. 


It is shown that an electret can be partly, but not com- 
pletely depolarized at a temperature below the melting 
point. The appearance of a current is taken as evidence of 
depolarization. An electret can be prepared by applying a 
field to a dielectric in the solid state. In this case, de- 
polarization is complete when the temperature reaches the 
highest value attained during the polarization. For polariza- 
tion at room temperature, the discharge current equals the) 
charging current. The application of a high-frequency field} 
accelerates the discharge at a given temperature. Since 
only part of the electricity is liberated below the melting 
point of the electret, part of the dipoles must still be frozen 
or dipoles of different mobility must be present in the 
electret. 


25. ““A New Type of Permanent Polarization of Dielec- 
trics,’ G. Nadjakoff, Comptes Rendus, Vol. 204, 1937, 


| p. 1865. 


| without latent heat. 


| a deflection of 16 cm ona 


“A New Kind of Electrets; Photoelectrets,” 
G. Nadjakoff, Physikalische Zeitschrift, Vol. 39, 1938, 
p. 2206. 


A sulfur disk subjected to an electric field (470 volts 
per cm) in the dark, and then illuminated for a short time 
(6000 lux) receives a charge. The charged disk, the photo- 7 
electret, keeps its charge for at least 15 hr (longer periods 
not investigated), if kept in the dark. 


26. “Crystalline Transitions and Dielectric Constant,” 
H. v. R. Jaffe, Physical Review, Vol. 53, 1938, p. 917. 


At a transition point from a pyroelectric to a nonpyro- 
electric crystal class, the dielectric constant in the polar 
direction approaches infinity, if the transition takes place 
A sharp, though finite, maximum 
for the dielectric constant can be expected for a transition 
with latent heat small as compared to the anomalous spe- 
cific heat below the transition point. Conversely, the sharp 
maxima of the dielectric constant in the polar direction 
known, e.g., for Rochelle salt and for hydrogen bromide, 
must be ascribed to such changes in crystal symmetry. 


27. “‘The Demonstration of the Existence of Perma- 
nent Volume Polarization in Certain Types of Multi- 
layers,’ R. W. Goranson and W. A. Zisman, /bid., Vol. 
53, 1938, p. 668. 


A hemicylindrical coating of 340 X-layers (molecules 
oriented alike in all layers) deposited on an ebonite cyl- 
inder was suspended between two metal plates in such a 
manner that the polar axis of the multilayer was perpen- 
dicular to the field when in zero position. On the applica- 
tion of a field of 100 volts per cm, the cylinder showed 
scale 1 meter distant. The 
polarized property of the multilayer was still intact after 
more than one month. 


28. ‘An Improved Method of Making Permanent Elec- 
trets and Factors Which Affect Their Behavior,” W. M. 


Good and J. D. Stranathan, /bid., Vol. 56, 1939, p. 810. 


| 


| 





The completeness of mixing of the components of the 
electret in the liquid state has a bearing on the time re- 
quired for charge reversal. When the cooling was well 
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GANG-WAY for smooth, fast insulation 


with Kodapak Sleet 


.-- choice of leading 
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electrical manufacturers 
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Feeding in .005-inch Kodapak | Sheet for coil- 
layer insulation. 






Gang layer insulation of transformer coils with .005-inch Kodapak | Sheet. Reproduced 
from photographs made in plant of Standard Transformer Company, Chicago, Illinois, 
through the co-operation of the Insulation Manufacturers Corporation. 


UNIFORM COVERING: Because it has excellent strength, stretch, and toughness 
characteristics, Kodapak Sheet is particularly. suitable for use on high-speed 
coil winding machines. It handles well at high speeds and it may be flexed or 
bent without danger of breaking. 
UNIFORM PROTECTION: Kodapak Sheet gives a superior winding surface plus 
high dielectric protection with a minimum of bulk. Another advantage: 
lacquer and solvents may be used to form a continuous waterproof seal. 
GENERAL INFORMATION: K odapak Sheet is available in vari- 
ous forms, including Kodapak I Sheet, cellulose acetate, 
a gauges up to 0.060”; Kodapak II Sheet, cellulose acetate 
butyrate, gauges up to 0.002”. For electrical applications 
where toughness and lower moisture absorption are 
required, Kodapak II Sheet is preferred, because of its 
physical toughness and high dielectric strength. 





Inserting sample preparatory to voltage 
breakdown test on Kodapak | Sheet. 





we For further information, including other 


Kodapalk eee \ applications, write for free copy of the folder, 
= ———" “Kodapak Sheet for Electrical Uses.” 
Sheet 


oe for efficient Cellulose Products Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y. 





. . Sales Offices: Pacific Coast Distributor: 

insulation New York, Chicago. Wilson & Geo. Meyer & Co., San Francisco, 
District Sales Representatives: Los Angeles, Portland, Seattle. 

“Kodapak" is a trade-mark Cleveland, Dallas, Canadian Distributor: 
Philadelphia, Paper Sales, Limited, 
Providence. Toronto, Montreal. 
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ANO Brings You a 


Line up of Top Coil Performers 


Deal with Dano, makers of every type of coil. 
From simple electrical coil windings to spe- 
cially treated coils deeply impregnated with 
wax or varnish in vacuum impregnation tanks 
and cured in heat controlled ovens, Dano is 
fully set up to serve you. You, the customer, 
have every assurance of complete coil satis- 
faction—from quality to dependable top per- 
formance, from service to price—you get them 
all when you deal with Dano. 

AND REMEMBER THIS: Dano makes every 
coil to your exact specifications. 


Send us your samples or specifications with 
quantity requirements for our recommenda- 
tions. No obligation! 








© Form Wound 
Paper Section 
Acetate Bobbin 
Molded Coils 


e Bakelite Bobbin 

e Cotton Interweave 

® Coils for High Temper- 
ature Applications 


ALSO, TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 











controlled, the electrets were free from cracks. Electrets 
composed of equal parts of carnauba wax and rosin were 
made with a field strength of 8000 volts per cm, and a 
starting temperature of 75 C. If the starting temperature 
was raised to 90 C, the electrets invariably cracked. Mix. 
tures cooled down rapidly in the field (30 min) did not 
become electrets, that is, showed no charge reversal. Ex. 
tending the cooling time beyond one day, did not produce 
significant changes. Electrets prepared in open air gave 
X-ray patterns as those described by Ewing (10), but 
those cooled inside a chamber showed uniform diffraction 
rings. Both types made equally good electrets, that is, 
crystalline orientation appeared to be without effect on 
the final strength of the electret. 















29. “The Use of Electrets in Electrical Instruments,” 
A. Gemant, Review Scientific Instruments, Vol. 11, 
1940, p. 65. 

Four types of electrometers are described, in which elec- 
trets supply the auxiliary field. 






30. “Electrets Made from Dry-Mixed Components,” 
W. J. Dodds and J. D. Stranathan, Physical Review, 
Vol. 60, 1941. p. 360. 


Strong, smooth, and physically uniform electrets are 
obtained when the wax (carnauba wax, “Selected Flora” 
grade) and the rosin (WG grade) are pulverized before 
mixing. Standard particle sizes between 30 and 200 NBS 
are preferred. Electrets prepared in this manner are closely 
reproducible both physically and electrically. 










31. “Effect of Pressure on the Surface Charge of an 
Electret,” G. E. Sheppard and J. D. Stranathan, /bid., 
Vol. 60, 1941, p. 360. 

Electrets prepared at atmospheric pressure have been 
studied under pressures from 10 to 228 cm of mercury, 
At atmospheric pressure, the charge is about 10 esu per 
cm’, less if the electret is held under reduced pressure, 
and more if held at pressures above atmospheric. 





32. “The field of Electrets in the Presence of Gaseous 
Ions,” A. Gemant, /bid., Vol. 61, 1942, p. 79. 


Contradicting theory, the electret field persists in the 
presence of the ions of the atmosphere. The author sug- 
gests that electrets may be utilized in tubes wherever an 
electrostatic control is called for. However, it will be 
necessary to develop electrets of higher softening point 
than the present wax electret. Promising materials include 
plastics and glass of high electrical resistivity. 









33. “Experiments on Electrets,” B. Gross, /bid., Vol. 
66, 1944, p. 26. 


A report on the effect of temperature on dielectric ab- 
sorption and on studies of charging and discharging cur- 
rents. It is concluded that the electrification of the electret 
is due to the fact that at room temperature the charging 
and discharging rates of the dielectric are extremely slow, 
whereas they increase rapidly with an increase in tem- 
perature to the point where charging and discharging be- 
comes complete in a short time. Therefore, when the fully 
charged dielectric is cooled, it is not completely discharged 
and a heterocharge remains. An electric field proportional 
to the heterocharge is created at the interface between 
the dielectric and the cover plate. If the field strength is 
sufficiently high, conduction currents surge in the interface, 
with the result that ions are transported to or from the 
dielectric, and consequently a surface homocharge is cre- 
ated which gradually spreads through the volume of the 
dielectric. 


























34, “On Permanent Charges in Solid Dielectrics: I. Di- 
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TUBING 


(UNDERWRITERS LISTED) 


Suitable For 
105°c Service 


MUCTASLT 
and Insulation 


VARTEX extruded tubing has a combination of 
properties that make it ideal insulation for 
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VARTEX tubing is unusually flexible at low 
temperatures. It has high dielectric strength; made of 
especially compounded synthetic resin, it 
provides excellent protection against solvents, 


acids, alkalis, oils and greases. 


Wet MM eu he 
SCM ee ae 


v 


NEW JERSEY WOOD FINISHING COMPANY “—@ 


ELECTRICAL INSULATION DEPARTMENT ®©® WOODBRIDGE, N. J. [THE PEAK OF QUALITY | 


Varnished Cambric Cloth “ Varnished Fiberglass 
7 a Varnished Cambric Tapes “‘Varsiot’’ Combination Slot Insulation 
/ ff 4 4 ~ Si ‘ Pp 
Othe f a eden voducls Varnished Duck Synthetic Resin Extruded Tubing 
Varnished Silk Substitutes Cable Wrapping Tapes 
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wera, Multi-Purpose 
se Thermostat 
Detects 
Humidity Level 
Accurately... 
Instantly 


FORCED HOT AIR TUMBLER-TYPE 
=== DRYER utilizes Fenwal THERMOSWITCH 
unit to signal when wash is ready for 


removal. 
7 -_~ - 





Variations in size of wash load, outside air temperature 
and humidity ruled out the use of a cycle timer for this 
forced hot air tumbler-type dryer. 

The problem of signaling when the wash is dry was 
solved by inserting an inverse Fenwal THERMOSWITCH unit 
in the moist air outlet duct. When the temperature of the 
outgoing air, no longer cooled by evaporation in the tum- 
bler, rises close to the temperature of the heated incoming 
air, the contacts of the THERMOSWITCH unit close to turn 
on the series-connected pilot light. 

Unique in performance, THERMOSWITCH thermostats fit 
a wide variety of applications. Their activating element is 
the single-metal shell that instantaneously expands or con- 
tracts with temperature changes, making or breaking their 
totally enclosed electrical contacts. 

THERMOSWITCH controls may pay off for you, too. Send 
coupon below for further details showing how they can help 
solve your control problems. 


MAIL COUPON TODAY! 


THERMOSWITCH® 


The Precision, Multi-Purpose, 
Thermostat Control 


SENSITIVE...but only to heat 





a 


FREE ! -. this bulletin . . . see 


what Fenwal Thermoswitch units can do for 
, you. Just fill in coupon and mail... no 
obligation. 


FENWAL, INC. 112 Pleasant St., Ashland, Mass. 
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electric Absorption and Temperature Effects in Car- 
nauba Wax,” B. Gross and L. F. Denard, Ibid., Vol. 
67, 1945, p. 253. 





The influence of temperature on dielectric absorption is 
studied for carnauba wax. Isothermic and nonisothermic 
curves (current-time) have been measured. It is shown 
that a considerable amount of the absorbed charge can be 
frozen in, if the temperature is reduced to a value suffi- 
ciently inferior to that prevailing during the charging 
period before the system is shorted. The frozen charge 
is dissipated extremely slowly, if the temperature is kept 
low, but is liberated rapidly, if the temperature is raised 
again. The effect is explained by the increase in the charg- 
ing and discharging rates with temperature. Disks of 
carnauba wax polarized below the melting point were found 
to produce electric fields which were enduring although 
smaller than those reported by Eguchi. 










Surface-Charge vs Time 





35. “Surface Charge of Electrets,” J. 


G. V. Planer, I. I. 
I 





R. Partington, 
Boswell, Nature, Vol. 158, 1946, 






», 835. 






Electrets prepared in a field of 10,000 volts per cm were 
studied for variations of charge with time. Prime yellow 
carnauba wax electrets showed—after the transition from 
the heterocharge to the homocharge—a shortlived high 
positive charge on the anode which then rapidly subsided 
to the lower steady charge. Rosin electrets invariably ex- 
hibited cathode charges which were smaller and decayed 
faster than those on the anode layer, when the metal elec- 
trodes were in direct contact with the rosin during the 
preparation of the electret. If the electrodes were lined 
with dry cellophane, there was a marked increase in the 
charge on the cathode layer (reaction between the rosin 
and the electrodes ?). 

Electrets made from 














50-50 mixtures of carnauba wax 
and rosin showed negative charges in excess of the positive 
charges, an effect due to the rosin content. The quality 
of the materials is important. Fatty grey carnauba wax 
which is obtained from older plants than prime yellow 
carnauba wax, or slightly inferior grades of prime yellow 
carnauba wax, attained only comparatively low charges. 


36. “The Electret,” F. Gutmann, Reviews of Modern 
Physics, Vol. 20, 1948, p. 457. 





A comprehensive review of most of the past work, 
with liberal citations from such work and _ reproduction 
of graphs and tables. 





37. “Plastics Electrets Are Nearing Industrial Applica- 
tion,” T. A. Dickinson, ELEctRICAL MANUFACTURING, 
Vol. 42, 1948, p. 176. 


This article is mainly of interest because it shows a 
picture which is said to demonstrate that an assembly of 
small electrets in a plastics bloc can lift a tin can. Other- 
wise, many of the statements made would appear to be 
open to questioning. Thus, it is stated that methods for 
the manufacture of ceramic electrets have been developed 
(p. 102), whereas the facts appear to be that ceramic 
electrets are still in the dream stage. 


ee 





38. “Electrets,’ A. Gemant, Physics today, Vol. 2, 
1949, p. 8. 


This paper is mainly a condensed version of an earlier 
paper. (18) The field strength for an air gap of % mm 
is about 25,000 volts per cm, but the field diminishes as 
the gap is increased. It is postulated that for a given gap 
length the field strength should increase with increasing 
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Proper Material Selection gets close attention by the 
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electret thickness. Rather than making thick electrets which 
would be difficult, it is suggested to use a pile of thin elec- 
trets to obtain larger field strengths. With increasing tem- 
perature, the charge decreases, and if the temperature is 
sufficient to soften the electret, the loss is irreversible. In 
a theory similar to that advanced already by Eguchi (4), 
it is proposed that the electret is made up from minute 
crystals (oriented dipoles, responsible for the homocharge) 
embedded in a hard medium. The condition is likened to 
the “domains” of ferromagnetism. Crystal orientation has 
been verified by some investigators, but not by others. 
Uses for electrets are mentioned as follows: electrometers 
with an auxiliary field, microphones and discharge tubes. 
Preparation of electrets from plastics of high softening 
point, glass, or from ceramics is suggested as a way of 
overcoming the deficiencies of wax electrets, which are: 
lack of machinability, sensitivity to moisture, and rela- 
tively low melting point. Barium titanate ceramics are 
stated to have characteristics analogous to the magnetic 
properties of iron and are suggested as good raw materials 
for electrets. 














39, “Ceramic Electrets,” T. A. Dickinson, Ceramic In- 


dustry, Vol. 52, 1950, p. 62. 


On the basis of a general review of electrets, it is at- 
tempted to show why glass and ceramics might be suitable 
raw materials for electrets. List of possible uses specifies— 
in addition to instruments—electric motors, generators and 
batteries. The battery use is questioned in one of the 
several footnotes in which exceptions are taken to a num- 
ber of the statements made in the article. 


Design Setup Discussed 


#0. “Design and Performance Characteristics of Elec- 
trets,” E. D. Padgett, Tele-Tech, Vol. 8, 1950, p. 36. 


A short review of electrets with illustrations showing 
the following: author’s setup for making electrets, disk 
electrets mounted on styrene rods for easy handling, a 
suspended disk electrometer, and an electret chronograph 
system for measuring bullet velocities. 







































#1. “The Superpotarizable (Seignettoelectric) Sub- 
stances,” E. Grainier, Revue Generale de L’Electricité, 
Vol. 59, 1950, p. 33. 


It is proposed to substitute the term superpolarizable 
for seignettoelectric or ferroelectric. The changes in the 
lattice which the nuclei, ions, and electrons undergo in 
the electric field which produces superpolarization in some 
instances (Rochelle salt, barium titanate, and potassium 
hydrogen phosphate) are explained with reference to the 
dielectric constant, magnetic hysteresis, and piezoelectricity. 
The use of such substances as piezoelectric vibrators is 
considered impractical because of the instability of the 
built-up structures of such compounds, and the effect of 
temperature on the properties. 


#2. “Annual Report 1949 Conference on Electrical In- 
sulation,” National Research Council, Washington 25, 
D. C., pages 88 and 89. 


In the section on electrets, a summary is presented of 
the Swann theory on electrets: the electret is a polarized 
medium with field dependent and field independent com- 
ponents. During the preparation, free charges are formed 
which are “frozen in” by cooling, and which disappear 
slowly at a rate determined by the conductivity of the 
medium. It is stated that the theory accounts for the 
charge reversal. It was also reported that attempts to 
confirm increased thermal conductivity for electrets have 
been unsuccessful. It was agreed that there was a need 
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The recent addition to the Delco motor 
line of the three flange-mounted integral 
motors here pictured extends Delco’s 
range of usefulness in the industrial 
field. The phrase ‘Delco Preferred’’ will 
now appear on motor specifications for 
machine tools, pumps and other classifi- 
cations with even greater frequency 


than before. 


TOTALLY ENCLOSED FRAME FAN-COOLED 
BALL BEARING SQUIRREL CAGE 


INDUCTION MOTOR 


Shown with C type flange. Available with C or D type 


OPEN FRAME BALL BEARING 
SQUIRREL CAGE INDUCTION MOTOR 
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and its uniformity further insured 
by burning in gas-fired, tempera- 
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for work with purified materials, and that more attention 


should be given to electrical measurements on electrets. 
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Electric Drives 
With Speed Control 


(Continued from page 75) 





be considerably more expensive for most applications 
than wuold other adjustable-speed systems. Therefore, 
its use is limited to applications where other types of 
drives are not feasible. High speed grinding wheel 
drives for machine tools, for example, must operate at 
tens of thousands of revolutions per minute. Certain 
types of testing equipment, for example, have power 
requirements of several thousand horsepower at speeds 
of 1800 to 3600 rpm. Since squirrel-cage machines are 
the only ones that can be built economically in such 
ratings, adjustable-frequency drives are the logical 
answer. 

Several other systems such as Scherbius, Kraemer 
and Clymer drives employ wound-rotor driving motors 
with means of supplying adjustable frequency to the 
motor rotor. Because of their complexity they are lim- 
ited in application primarily to very large horsepower 
ratings. Drives of this type have been furnished for 
wind tunnels with drive ratings as high as 60,000 hp. 

Multispeed pole-changing motors can be built in 
squirrel-cage induction, wound-rotor induction and 


Low SPEED HIGH SPEED 
%% 
T ™% Tt 
To Ty 
% 5 
T 
%& . 5 
T3 


3-PHASE A C POWER 3-PHASE A C POWER 


Fig. 13—Connections for single-winding induction motor 
to give two speeds in ratio of 2 to 1 at constant torque. 


synchronous types. The squirrel-cage induction motor 
is, however, the simplest, most flexible and by far the 
most popular type of multispeed machine. This dis- 
cussion will therefore be limited to squirrel-cage ma- 
chines. 

These machines are the same as conventional single- 
speed squirrel-cage machines except that the stator 
windings are wound to provide different numbers of 
stator poles to produce different synchronous speeds. 
The simplest of such machines are those having only 
two speeds and having a two to one ratio between high 
and low speed. A single winding—that is, one that is 
completely interconnected electrically—is used on both 
speeds. Fig. 13 shows how a typical single-winding 
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How Fafnir helps manufacturers 


<A 
BRADFO 


MASTER 


Out where men are men and no refreshing coolant flows, 
portable electric tools show the stuff they’re made of. And 
the job they do miles from a maintenance staff, down the 
tracks, out on the farm, on the building site and down in 
the earth proves that manufacturers put plenty of “stuff” 
in electric tools . . . sturdily built motors, tempered steel 
gears and shafts, shock-resisting housings and the best ball 
bearings to transmit the full power of the motor to the 
spindle. The fact that so many leading manufacturers of 
electric tools use Fafnir Ball Bearings proves how well 


Fofnir Felt-Seal Ball 
Bearing has a cartridge 
type seal, consisting of 
two metal plates enclos- 
ing a felt washer. 
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Fafnir Mechani-Seal Ball 
Bearing has a labyrinth 
seal, to retain grease 
and lock out dirt. Outer 
member acts as slinger. 


Fafnir Plya-Seal Ball 
Bearing uses a flexible 
synthetic washer held in 
place’ by stainless steel 
split retaining ring. 


RD 


Fafnir has worked with these manufacturers in solving 
their special problems. 

Protection of ball bearings from contaminants has been a 
major Fafnir project. Some of the types most commonly 
used in electric tools are the felt seal, the Mechani-Seal and 
the Plya-Seal. 

Whatever your specifications for ball bearings, Fafnir can 
meet them more precisely, simply because Fafnir’s experi- 
ence is not limited to just one or two industries but is 
industry-wide. The Fafnir Bearing Co., New Britain, Conn, 
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BALL BEARINGS 
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if you are looking for 
better coils . . 


if the price you are 
now paying seems out 
of line. . 


if you have coil prob- 
lems which seem diffi- 
cult of solution . . 


Remember This 


The integrity of your supplier is your greatest 
assurance of dependability. Coto-Coil has de- 
voted 33 years exclusively to coil winding, serving 
many concerns whose names are familiar to all. 


BOBBINS 
ACETATE INTERLEAVE (Coalesced) 
PAPER INTERLEAVE 
COTTON INTERWEAVE 


TAPED FORM WOUND 
UNIVERSAL SINGLE or 
MULTI-PIE CROSS WOUND 


COTO-COIL COL. 


COIL SPECIALISTS SINCE 1917 
65 PAVILION AVE 
PROVIDENCE 5, RI. 





machine is reconnected to give two operating speeds, 
Low speed is obtained by reversing the current flow 
through half of the winding with respect to the other 
half and thus producing twice the number of poles as 
on high speed. 

If the ratio of speeds is other than two to one, two 
separate windings must be used. In this case each wind- 
ing is energized separately to produce the associated 
speed. As many as four different synchronous speeds 
such as 1200/900/600/450 rpm or 1800/1200/900/600 
rpm may be obtained by using two separate windings, 
each of which is reconnectible for two speeds in the 
ratio of two to one. It is generally not practical to 
build motors with more than two independent windings 
because of the complexity of the windings and the 
space required for the windings. 

In small ratings multispeed motors are generally eco- 
nomical, but in large ratings where high voltage power 
is required, the additional cost of high voltage control 
equipment may make d-c adjustable-voltage drives more 
attractive from an economic standpoint. They will be 
described in a succeeding issue. ooO0 


Performance of Magnetic Drives 
Used in A-C Control Circuits 
(Continued from page 104) 


but less than proportionally. For instance, if a coil can 
withstand N operations a minute when “on” 50 per 
cent of the time, at 25 per cent time on, the operations do 
not increase to 2N. The multiplying constant in this 
case would usually be less than 2 and would depend on 
the size and make of the coil. 

If the magnetic device under consideration is a 
solenoid, it may be applied with different values of 


Contirwous duty 


‘75% intermittertt dity 


& 50% sritermmitlert duty 
O/ Rated stroke 


50% intermittent duty 
Coi/ impedance C< B<A 


Stroke,in. 


S 
75% intermittent duty 
o/l impedance B<A 
B 


A 


Ce ontinuous duty 
Coil impedance A 


Pull, |b and Current, amp 


Fig. 7—Simplified representation of pull/stroke and am- 
pere/stroke curves for solenoids at varying degrees of 
intermittent duty. 


stroke. Curves of Fig. 1 show that the inrush current 
decreases with diminishing values of stroke. Therefore, 
in the application of solenoids at intermittent duty, the 
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value of stroke is to be taken into account as well as 
amount of ‘“‘off’”’ and ‘“‘on” time. In this respect tabulations 
of the general character shown in table II are usually 
provided by the electrical component manufacturers, 
and must be consulted for proper solenoid selection. 

It has been shown in relation (1) that the force 
developed by a solenoid varies with the term N/, namely 


Table Il—Typical Duty-Stroke Rating of 
Solenoids for Intermittent Service 


Max. No. of operations per min. rated load 
Percentage of Percentage of Time “‘On”’ 
max. stroke 50% 


85 
42 


19 


the winding characteristics of the coil. Pull is increased 
by raising the values of current, at the expense of tem- 
perature rise. Hence, a given solenoid can be employed 
with several different coils at different pull values for 
varying degrees of intermittent duty. If a given safe 
temperature has to be maintained, the pull can be in- 
creased the higher the degree of intermittency (or time 
off’) and the smaller the coil impedance. The above 
considerations are graphically represented by a family 
of pull/stroke and ampere/stroke curves as shown in 
Fig. 7. O00 
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Design Ideas 


from Abroad 


(Continued from page 81) 


jectives and market possibilities can be made by an 
analysis of an electric warm-air hand-dryer made in 
England by Quiz Electrics Ltd. Although American ap- 
pliances of similar purpose (electric “towels”) are 
known here and are occasionally installed in hotel 
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helps pump oil 
here... 


U. S. Pat. 2,181,076 


carbon brushes, with their freedom from sparking, 
overheating, and energy loss, are widely used in the electric motors 
that gather and pump oil. The high current-carrying capacities and excellent contact provided by 


Speer brushes make them equally valuable in motors for any pumping job. 


A complete line of brushes has been developed by Speer to match every mechanical 
and electrical service characteristic. All have been rigidly tested under 
actual service conditions. For smooth, trouble-free commutation . . 


for peak motor performance .. . fit your motors with Speer carbon brushes. 
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Y OU, too, my PROFIT 


by looking into NEW 


PRECISION 
COIL FORM BOBBINS 


Many manufacturers are discovering new applica- 
tions for new Precision Coil Bobbins. (15-20% 
greater strength with light weight, better insula- 
tion, moisture-resistance and heat-dissipation are 
idea-suggesting features). Moreover, new Precision 
Bobbins assure coils wound to closer tolerances 
with fewer rejects, owing to a new plastic-coated 
core. This core anchors the flanges, keeps them 
positioned during winding. Spiral-wound core may 
be square, rectangular, round—any length, ID, OD 
—of dielectric kraft, fish paper, cellulose acetate, 
and combinations. Flanges any shape; flat, re- 
cessed, embossed; with or without lead holes. 
Write for catalog, samples, estimate. 
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Also mfrs. of dielectric paper tubes 
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or theatre washrooms, their use is rather limited since 
the public prefers disposable paper towels or the single- 
use cotton towels. In England, on the other hand, 
neither paper towels nor single-use cotton towels are 
cheap and plentiful, and an electric hand-dryer becomes 
a product with a relatively wide and essential market 
in factories, bakeries, dental offices, and various public 
places. The machine, therefore, has to be designed for 
day-in, day-out reliability, and is required to give long- 
life service at a cost that is reasonably lower than the 
cost of towels. This summary of design features under- 
lines this point: 

Strongly built cabinet has heavy cast-iron base, 
Heating element (output 2.5 kw) is suspended for 
vibration-protection within an easily removable triang- 
ular frame fitted into an asbestos-cement insulated ver- 
tical air-passage tube that leads from air-blower hous- 





Electric Cooker: Tea-kettle plug-in attachment reflects 
the British source (Carron Company). Compact design: 
36 in. high, without splashplate, 21 in. wide, 18% in. 
deep. The 12-in. splashplate, higher than in American 
ranges, includes indicator lights. Three radiant-type 
plates (10% x 8 in., 8-in. diam., 6%-in. diam.; 2000, 
1800, 1000 watt respectively). Large oven, 3138 cu. in. 
“Hot” cupboard on top. Total load, 7400 watt. Thermo- 
static switch control for a-c service only. All heating 
elements are plug-in type, each separately grounded. 
Cast iron and sheet steel construction. Protected against 
grease and dirt pockets. Finish: black or green and 
cream porcelain enamel. 








ing in the base to the drying bowl on top (into which 
the user inserts his hands). Blower housing is securely 
supported by a detachable cradle. For a-c operation, 
dryer is provided a silent-running rubber-mounted in- 
duction fractional-horsepower motor. For d-c service, 


| shunt-wound constant-speed motor is used. Fan is six- 


bladed paddle type. Dryer is operated by means of 
spring-loaded foot pedal actuating a heavy-duty toggle 


| switch. Coin-operated device is incorporated, if desired. 


Since the dryer is on public display, care has been 
taken for good appearance. Exterior lines of cabinet 
are smooth, slim and simple, (height 3 ft-9% in., width 
at base 1 ft-8 in., depth, 1 ft-3% in.), with the main 
appearance values lying in the selection of finish col- 
ors. One model comes in white enamel, with either a 
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Here’s the\ motor that ''couldn’t be built’’! 


It’s the Holtzer-Cabot quiet-running capacitor motor —the motor that powers the 
Nesbitt schoolroom ventilating unit. 

Previously, the hum of A.C. motors powering these units had proved so distracting as 
to be impractical. Hence, when alternating current only was available, motor-generator 
sets were required to convert to D.C.; but this arrangement was not too satisfactory 

because of the excessive additional cost. 
Quite a problem! 
The obvious solution was a really quiet A.C. motor — something that had never 
been achieved up to that time. Holtzer-Cabot engineers went to work on the prob- 
lem. The result was an A.C. motor that performed perfectly . . . and silently! 
Today, schools from coast to coast are using Nesbitt ventilator units in each 
room to furnish a continuing supply of fresh sweet air. These units, many of 
which are powered by Holtzer-Cabot motors, operate efficiently and quietly, 
and make possible full concentration in the classroom. 
This is just another example of Holtzer-Cabot’s ability to meet the most 
exacting specifications in small-motor applications. Holtzer-Cabot motors 
range from 1/2000 up through 1% H.P., from 24,000 RPM to 1 revolu- 
tion per day! 


‘HOLTZER-CABOT 


Sai c 
The Holtzer-Cabot RWC-6417, an im- oi So. DIVISION OF NATIONAL PNEUMATIC CO., INC. 


proved version of the first silent A.C, motor \ SS i B 0 S T 0 N l 9, M A S S A C H U S E T 7 S 


developed to Nesbitt Co. specifications. 


Single phase, 1/12 H.P. single value capac- * Manafiesuers of fine electrical apparatus since 1875" 
itor type, with totally enclosed wool-packed 

sleeve bearing and a resilient base mounting: 

Shaft is 43” overall, 34“ in diameter, adjustable INVESTIGATE NOW... Holtzer-Cabot wel- 


. ° comes inquiries involving special motors 
variable speed. Gives trouble-free performance. q 6 SP . 


photo courtesy of John J. Nesbitt Co., Inc. 
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PHONOGR & = = FLOOR AIR CIRCULATORS | 
S@ BUSINESS MACHINES | 
Fe he AIR CONDITIONERS | 
“FANS AND BLOWERS | 
Se AIR CIRCULATORS 
» X-RAY APPARATUS | 
@ WIRE RECORDERS | 
RS @ PROJECTORS 
Se FLOOR HEATERS 
S @ UNIT COOLERS 
VENTILATING FANS | 
TORS e HUMIDIFIERS | 
» CONDENSER FANS | 
Ne COOLANT PUMPS | 
SRS e VIBRATORS | 
/ ) @ VAPORIZERS | 
RULATORS ¢ UNIT HEATERS 
NSe TV TEST INSTRUMENTS 


Shaded Pole Motors 
perform best when they’re 


YOUR 


0 


Save the cost and bother of experimenting 
with ready-made motors, hoping for the results 
you want. 


Start out with the right motor, precision- 
engineered to your exact specifications by The 
Loyd Scruggs Co. 


Tell us your needs. We’ll add our experience 
and craftsmanship to yours, to develop better 
products at less cost. 

Inquire about the top-quality Loyd Scruggs 
motor, featuring the new 4-point cast bearing 
bracket for absolute uniform air gap of minimum 
clearance, maximum power and 
minimum heat. 












WE'LL SEND YOU 


a sample motor 
mo invoice 


YOU TELL US 


your — Seal 
irements | 
sd below, attach it to your 


h your name an - 


aaait information 
Fill-in the Scruggs Co-» 


y’s letterhead wit 





We are interested in 4-Pole Shaded Pole motors (120V A.C. 
60 cycle, Approximately 1700 RPM) that meet the following 
requirements: 


APPLICATION: 
TORQUE: Starting. =; Running Ss 
ROTATION: [ | Clockwise; [_] Counterclockwise. 

STYLE: [_] Skeleton; [_] Encased, ventilated; [_] Encased, closed. 
BEARINGS: [ | Sleeve; [_] Ball. 
SHAFT EXTENSIONS: Front. 
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“warm” pink or gold anodized drying bowl, rim and 
beading and the base heavily enameled in black. An. 
other model comes in hammered green, with the same 
pink or gold contrasts on top and the black enameled 
base. 

A tendency to “Rube Goldberg” design in the elec- 
tric appliance field pops up from time to time in Eng. 
land. Two or three new appliances of this type were 
exhibited at recent British Industries Fairs. One of 
these known as the ‘“Cleanette Electric Housemaid,” 
made by H. Fischer (Oldham) Ltd., is essentially a 
white enamelled kitchen cabinet, about 3 ft high, with 
working table-space, shelves and bottom storage draw- 
ers, and incorporating as its design feature a turret- 
mounted multiposition driving head, with sockets in 
the nose and the sides into which various attachments 
can be inserted. The driving head, powered by a %4-hp 
motor, can be rotated or locked in four positions to pro- 
































High-Sped Level Recorder for acoustical and electro- 
acoustical measurements is one of a line of Danish in- 
struments (Bruel & Kjaer) now being distributed in this 







country. Input frequency range: 20 to 200,000 cps. 
Zero level adjustable between 3 and 12 mv; instrument 
supplied with reference voltage of 10 mv. Recording 
system: moving coil, stylus drive. Recording speed: 
variable in 9 steps between 50 and 1200 db per sec with 
a 50-db logarithmic potentiometer. Accuracy + 0.5 db. 
Other potentiometers are available. Power consumption: 
amplifier 45 watt, motor 30 watt. American tubes pro- 
vided for the United States market. Power supply: 115 
volts, 40-120 cycles. Portable; total weight 62 lb. Di- 
mensions: 20 x 12 x 9 in. 



















vide drives in vertical or horizontal directions; the head 
can also be swung in its turret mounting to traverse 
the worktable. Speed from nose socket is 4000 rpm, 
from the side sockets 300 and 600 rpm. Some 28 at- 
tachments are provided, ranging from a meat mincer 
to “handyman’s drill.’”’ Despite its “Rube Goldberg” 
character, the design motive was definitely sound since 
it was motivated by the British housewife’s war- 
acquired facility in the use of electric handtools, and 
also reflected her desire for compactness and economy 
through the use of one appliance for as many purposes 
as possible. 

With the great emphasis on television in the United 
States, brief comment may be included on European 
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A Good Beginning for Any Product 


When specifications call for “Norma-Hoffmann 
or equal” the product is off to a flying start 

for a trouble-free life. Designers know 

it. That’s why they have registered their 
preference for Norma-Hoffmann on 

thousands of blueprints in the 


last thirty-seven years. 


Field Offices: Chicago @ Cleveland @ Detroit @ Cincinnati @ Los Angeles @ San Francisco @ Dallas @ Seattle @ Phoenix 
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aa 
DO YOU NEED 


SPECIAL KNOBS? 


Wording To 
Your Special 

Needs Can Be 
Branded On 
The Skirts 
Of Knobs 
Shown... 







































































Can Also Be 
Supplied With 
Cores to Your 
Specifications 





























Illustrated are two of the many types of special knobs available to you from 
our stock mo'ds. Can be supplied with set screws or special shaft holes to 
press fit on Ark-Les, G.E. or Hart range switches; also standard ‘‘D’’ type 
for gas ranges. Can be branded to your specification. Choice of colors. 
Fast delivery, low cost. Write for details and free catalog showing the 
complete line of Rogan knobs available from stock molds. 


2500 W. IRVING PK. BLVD. 
ROGAN BROTHERS CHICAGO 18, ILLINOIS 


Compression Molders and Branders of Plastics 






































Machine, Wood, Cap, Lag, Set, 
Knurled and Thumb Screws 





Brass, Bronzes, 
Aluminum, Monel, 
Stainless Steels 




















Large stocks ready for immediate 
delivery from distributors and 
warehouses in principal cities. 

















FREE CATALOG 

















The H. M. Harper Company, 
8204 Lehigh Ave. 
Morton Grove, Ill. 

















Please Send Your Condensed Catalog. 





Name 








Company 
Address 
City Zone State 























trends. The British have done a considerable amount 


of work in this field, much of it novel in character, 
and at one time contemplated offering some models on 
this market. Work has been done on closed-circuit 
color television, and there has been apparently more 
attention paid to projection-type receivers than in this 
country. The trend to economical utilization of home 
appliances is shown in several British systems of tele- 
vision relay equipment designed for use in apartment 
houses. Similar in principle to radio relay arrange- 
ments, the television system provides for reception by 
a master receiver and then re-transmission through 
wire system to individual apartments. 

Mobile television units for automotive use have 
also been developed, with power supplied by a rotary 
converter operating from the car battery. The screen 
is visible only to rear passengers, thus eliminating the 
frequently stated objection to automobile TV as dis- 
tracting the driver. Antenna is of the whip type. 

British television sets are usually lower-priced than 
ours. One reason is that with telecasting a government 
monopoly, only single-channel reception is essential. 
With the growth of telecasting in Europe, however, 
this is likely to be only a temporary condition, and 
good receivers designed for the European market will 
have to be of the multichannel type. 

One bar to TV progress in Europe is lack of stand- 


Deep-Focus Color Camera integrates precision 35-mm 
reflex camera, f/3.5 lens, with powerful 800-joule elec- 
tronic-flash light source. Developed in England (Dawes 
Instruments) for clinical, microanalytical and other special 
photographic needs where conventional equipment can- 
not be applied. Typical use is in dentistry to obtain full 
color transparencies of the entire oral area. Twin flash 
tubes (see close-up) distribute light evenly on either side 
of lens hood. Focussing range: 3-in. to infinity. Direct- 
reading scale: up to 2 linear magnifications. All controls 
are electrically interlocked. Universal-type stand. Height: 
6% ft. Power supply: 200-250 volts, 50 cycles. 





ards. France now uses both the 441- and 819-line 
system. Italian experimental work is on 625-line trans- 
mission, while in England the official British Broad- 
casting Corp., system is based on 405 lines. Efforts 
are made to set up an all-Europe standard of 625 lines. 
Marconi exhibited 625-line equipment at the last Brit- 
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Gaylord Packaging 


One Sure Way to Build Good Will... 


DON’T BE VULNERABLE TO COMPETITION 
BECAUSE OF UNNECESSARY DAMAGE CLAIMS 


If your product is properly packaged, claims for 
damaged merchandise should be almost eliminated. 
Your customers know this. The annoyance involved 
in making claims for damage, as well as the sales 
lost because merchandise is not available, can open 
the door for your competitors. Be sure your shipping 


CORRUGATED AND SOLID FIBRE BOXES container is right for your product. 
FOLDING CARTONS 

KRAFT BAGS AND SACKS 

KRAFT PAPER AND SPECIALTIES 


GAYLORD CONTAINER CORPORATION, General Offices: ST. LOUIS 


New York * Chicago « San Francisco « Atlanta * New Orleans * Jersey City * Seattle * Indianapolis * Houston « Los Angeles 
Oakland ¢ Minneapolis * Detroit * Columbus * Fort Worth * Tampa « Cincinnati * Dallas * Des Moines * Oklahoma City * Greenville 
Portland * San Antonio * Kansas City * St. Louis * Memphis * Bogalusa * Milwaukee * Chattanooga * Weslaco « Appleton 
Hickory * Sumter « New Haven « Greensboro * Jackson * Miami * Mobile * Omaha « Philadelphia « Little Rock * Charlotte 
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WHEN TIMING 


COUNTS 


You can always count on Haydon to provide the right 
motor for your timing job. Timing Headquarters offers 
a broad line of efficient, economical timing motors 
and timers produced by specialists who have no other 
interest than to provide the best in timing. 


LOW COST VERSATILITY — 
1600 Series: 


Specifically designed as a standard 
component for the widest possible 
range of timing applications with 
79 speeds from 300 rpm to 1 revo- 
lution per 4 hours. 


COMPACTNESS AND SLOW SPEED 
4400 Series: 


Designed for small size and low 
cost in applications requiring slow- 
er speeds from 6 hours to 7 days 
per revolution. 


HEAVY DUTY DEPENDABILITY -- 
3100 Series: 


For control and instrument appli- 
cations that require a heavy duty 
train and speeds from 1 hour to 
14 days per revolution. 


SUPERIORITY FEATURES 


Slow (450 rpm) rotor speed makes 
for quiet operation and long life. 
Unusually small. All motors totally 
enclosed. Separate rotor and re- 
duction gearing lubricating systems | 
permit selection of best methods 
and lubricants, control circulation, 
insure against leakage. Operates 
continuously in any position. 
Simple to mount, entire face of 
motor can be supported securely 
against mounting surface. Stan- 
dard, interchangeable design in 
only 2 motor series with speed 3100 
range from 300 rpm to 1 revolu- 
tion in 7 days. 


~~. i 
For complete design and engineering speci- = dy 


fications, write for catalog: Timing Motors | §A RZ 
No. 322 — Timers No. 323 — Clock Move- 
ments No. 324. Yours without obligation. | 


HAY DON | HAYDON Manufacturing Co., Inc. 


AT TORRINGTON 2536 ELM STREET 


HEADQUARTERS FOR TORRINGTON, CONNECTICUT 
UIE scicisey or GENERAL TIME conroration 


ish Industries Fair. 

Another instance of the European tendency to the 
ingenious and multifunctional in design is the Philips 
“Norelco” combination direct-view and projection-type 
TV . receiver, recently introduced in the American 
market. But it seems doubtful that this design will 
make headway against the American trend towards the 
big 19- and even 20-in. direct-view screen. 

A word may be said on those examples of European 
design that have been already well established in the 
favor of American consumers. Sewing machines, in 
particular, have made their mark here, such as the 
aluminum-alloy-frame lightweight Swiss-made Elna 
machine. (6) 

Extent to which electric power is available is a vital 
factor that affects design. With some exceptions, elec- 


Calculating Machine: Italian “Totalia” made by Soc. 
Anon. F.A.I. has a simple 10-key keyboard, features 
compact design. Electrical circuits and controls are con- 
ventional, but this is a good example of straightforward 
manufacture to meet home and export market require- 
ments where the more intricate calculating machines are 
too expensive. Note good use of transparent guide bar 
so that complete tabulation is always visible. 


tric power throughout Europe is far less abundant than 
in the United States. In the strict design sense, this 
results in divergent concepts of motor specifications, 
wiring requirements, use of fuses, circuit breakers, and 
so on. In meeting consumer requirements, or assessing 
market potentialities, this means that certain limitations 
have to be considered; it is obvious that where 
electrical power is limited in supply or high-priced, or 
both, the potential user will be chary of buying and 
installing electric appliances or equipment. 

The effect on technical considerations is illustrated 
by the practice in England where direct-line use of 
squirrel-cage motors for industrial equipment or ap- 
pliances is not favored because of inadequate power 
supplies. The British design practice therefore is to use 
squirrel-cage motors only with manual starters, as 
against the universal American practice of direct-to- 
line magnetic starters. 

Absence of wide-spread use of electric appliances is 
not always traceable to lack of low-priced electric 
power. In Norway, where electric power is both low- 
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Above are motors being built by Allis-Chalmers Mfg. Co. for the 
U.S. Bureau of Reclamation. Each is of the vertical synchronous type, 
rated at 22,500 hp, 180 rpm, 13,600 volts. Over 25,000 Ibs. of Rome 
Asbestos Magnet Wire was used in the stator coils of the six motors. 









Where Dependability Is Vital 
Use Rome Magnet Wire 













Magnet Wire for motors used to pump irriga- 


ment of higher operating temperatures. Con- 
tion water can’t fail. Too much is at stake. 


servatively rated at 175° C. (347° F.) silicone 







That is why, in building motors required to treated Glass Magnet Wire makes possible 
lift 344,000 GWM, 204 feet to irrigate Calli- higher power ratings for rotating and trans- 
fornia’s Central Valley, Allis-Chalmers Mfg. former equipment with savings in space... 
Co. specified Rome Magnet Wire. The de- plus longer service life. 





pendability of Rome Magnet Wire assures 
long service life under the most severe oper- 
ating conditions. 

Rome Magnet Wire is a quality product. 
Rigid inspection from the rolling of the copper 
bar to application of insulation guarantees a 
soft, blemish-free conductor, as well as uni- 
form covering to accurate dimensions. When 
you use Rome Magnet Wire you know it is 












the best. “3 7 
Rome Silicone Treated Glass is a new addi- ROUND SQUARE RECTANGULAR 
tion to the Rome Magnet Wire line. It repre- Available with insulations of cotton, paper, glass and 






sents a significant advancement in the attain- asbestos. For further information send for catalog today. 









IT COSTS LESS TO BUY THE BEST 


ROME CABLE CORP., Dept. EM 12, Rome, N. Y. 


4 @] pa 3  @ A 5 i 3 Please send me the Rome Magnet Wire Catalog. 


s , | , Mt ; Name.. a 
Company 


| oe ooee oe oe - ++. Hoon eee eeeneeereree 
ROME - NEW YORK 
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From Bar to Finished Wire 
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from ALLIED 


At Allied, conversion of prints to parts is a 


closely controlled process involving more than 
the individual skills and modern facilities nor- 
mally expected on any precision contract work. 
Any Allied routing sheet or part print will show 
you how exacting process and inspection pro- 
cedures dovetail with Allied skills, machines, 
techniques. 

This thorough inspection program from be- 
ginning to end of processing insures that each 
step in producing your part will exactly match 
your specified tolerances, finish and hardness. 
Such close control in every phase of manu- 
facture avoids delays and rejects and adds up 
to three big benefits for Allied precision part 
customers: economy, prompt delivery and parts 
that are trouble-free in all respects. 


. 


' DEPARTMENT B-4 


e 

* 
© “conPoRation 
Os 


HARDENED AND PRECISION GROUND PARTS 

© ALLITE ZINC ALLOY DIES e R-B INTER- 

CHANGEABLE PUNCHES AND DIES ¢ STANDARD 

CAP SCREWS © SPECIAL COLD FORGED PARTS e SHEET METAL 
"DIES FROM THE LARGEST TO THE SMALLEST ¢ JIGS © FIXTURES 


oi, ALLIED PRODUCTS CORPORATION 


12643 BURT RD. © DETROIT 23, MICH. 


priced and abundant, the use of electric ranges, water- 
heaters, and spaceheaters is reported quite common, but 
there is apparently very-little if any use made of electric 
refrigerators, dishwashers, ironers and waste-disposal 
kitchen units. 

Emphasis*has been made in this discussion on the 
sturdiness and long life characteristics built into many 
British-made products. It is interesting to note criticism 
from some British source on the lack of “robustness” 
of much of the electronic and light electrical apparatus 
made in their country. While such equipment is “ad- 
mirably”’ satisfactory in the laboratory or testing cham- 
bers, it is considered by these sources not suitable for 
prolonged use in factories. The British designer of this 
type of equipment should direct himself, it was sug- 
gested, toward engineering equipment that will also 
operate under severe temperature and atmospheric con- 
ditions, with minimum servicing requirements or effort. 


Summary 

This discussion has necessarily been general, and two 
areas of European product development—heavy 1ndus- 
trial equipment and test instruments—have been left 
for additional treatment in a second article to appear in 
a later issue. The illustrated case-histories that ac- 
company this discussion should give the reader a 
graphic view of the wide scope and careful engineer- 
ing that is characteristic of much European product 
design. ooo 
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Manufacturer: Admiral Corporation, Chicago, 
Ill. Molder: Loma Plastics, Fort Worth, Tex. 






MOLDED FROM 
KOPPERS POLYSTYRENE 
IN A SINGLE SHOT 













a 






IG-PICTURE television is coming into its own these days, and 


Admiral Corporation’s huge 19-inch set is a leader in the KOPPERS POLYSTYRENE 
gives you all these advantages 





field. By taking advantage of the excellent moldability of Koppers 
Polystyrene, Admiral’s plastics molder produces, in a single oper- 
ation, the escutcheon that protects the huge tube. 











Nothing is more important here to the viewer than perfect Seneeeiaibhiineess pieces per pound 
visibility, and transparent Koppers Polystyrene 31 meets this re- Excellent dimensional stability 
quirement fully. It yields a large, flat, clear surface area. High Excellent electrical properties 
mold polish adds to the appearance and aids in flow and mold Choice of heat distortion temperature 
release. ranges 







The excellent molding qualities of Koppers externally lubri- Good chemical and moisture resistance 
cated Polystyrene made a faster cycle possible with fewer rejected Tasteless and odorless 
pieces. Light weight (the entire Admiral escutcheon is a 49- Unlimited color range 
ounce shot of Polystyrene) means more pieces per pound and 
lower material costs. 

If you are interested in a better product at lower cost, get the cr 
story of Koppers Polystyrene in our booklet, “Koppers 1950 | 
Polystyrenes.” Mail the coupon for this booklet and for the new | 
Technical Bulletin on Moldability of Polystyrene. Please send me the following Mterature: 










Koppers Company, Inc., Chemical Division, Dept. EM 12 
Pittsburgh 19, Pa. 









[] “Koppers 1950 Polystyrenes”’ 


| 
| 
L] “Moldability of Polystyrene” 
Koppers |i) Plastics... 
| 
7 
| 
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-KOPPERS COMPANY, INC. hile. seitdckeninssateeninqeatin aes 1 
KOPPERS | 
Chemical Division Pittsburgh 19, Pa. 
Regional offices: New York, Boston, Philadelphia, Chicago, A al aS Cee ee ee eee ee ae eee 
Detroit and Los Angeles SS cick aie saa dean 
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S-m-o-o-t-h power ard, Switzerland. (Hauser Machine Tool Corp., Man- 


hasset, L. I., N. Y.) 
Holland Electro C.V., Rotterdam, Holland. 
Mullard Electronic Products Limited, Century House, 
London W. C. 2. 
Nedalo N.V. Electrische Verwarmingsapparaten en 
Machinefabriek, Hengelo (O), Holland. 
N.V. Phillip’s Gloeilampenfabrieken, Eindhoven, Hol- 
land. (North American Philips Co., Mt. Vernon, N. Y.) 
Qu'z Electrics Ltd., Teddington, Middlesex, England. 
Tavannes Machines Co., S. A., Tavannes, Switzerland. 
(Moldcraft, Inc., Baltimore 11). 
Universal Boilers & Engineering Co., Limited, Fulledge 
Works, Burnley, England. 






vertical or horizontal 

























Design Limitations for 


Ceramic Parts 


(Continued from page 95) 
This Vertical Rubber Hose Braided Cover Reinforcement Machine, made 


by Fidelity Machine Company, uses a Twin Disc HYDRO-SHEAVE DRIVE. 





and cover more than one-half the space between the 
Position makes no difference to the Twin Disc HypRo- 






















, / grooves. 

SHEAVE Drive. You can attach it to a vertical shaft or a 

horizontal one. It eliminates jerky starts and power 5 

stalls—often permits you to use a smaller engine or 6. FITTINGS 

notor without overloading. So easy to install, it is well ae s ; a . ‘ Be) al 
worth your investigation for smooth, stall-free perform- Insulators shall be furnished with such fittings as may be 
ance. Offered for use with % to 50 hp specified in the contract or order. The methods employed 
engines and motors. Write for Bul- | for securing the fittings shall be such as to insure that the 
letin 145-B. ™ 


; > completed insulator will withstand the specified tests. 
Clutches & Hydraulic Drives MTR aes Where a definite material for the hardware is not specified, 
a a suitable material shall be used. 
Galvanizing on metal parts shall meet ASTM test require- 
ments for the Preece Test for Uniformity of Zinc Coatings, 
Specification A 239-41. 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin « HYDRAULIC DIVISION, Rockford, illinois 


SRAMCHES, CLEVELAND - DALLAS + DETROIT + 1OS ANGELES - MEWaRE - WEW ORF ams « SEATTLE + TwLSa 


7. SCREW THREADS 





A. General—Screw threads for all bolts, machine screws, nuts 
and tapped holes shall be in accordance with the National 
Bureau of Standards Screw-Thread Standards for Federal 
Services, Handbook H28. Screw threads smaller than 6—32 
are not recommended. 





B. Steatite—For externally threaded steatite parts, unless other- 
wise specified, the manufacturing limits shall be those for 
Class 1 screws, coarse-thread and fine-thread series (National 
Bureau of Standards Handbook H28) with the following ex- 
ceptions: 

1. The pitch diameter, lead and thread angle will be accept- 
able if the finished steatite screw enters for its full length 
a gage representing a Class 1 minimum nut (National Bureau 

of Standards Handbook H28). 
| 2. The maximum minor diameter of steatite screws shall be 
0.005 inch less than the minimum minor diameter of a 
Class 1 nut (National Bureau of Standards Handbook H28). 
3. The fit of steatite screws in a Class 1 maximum nut shall 
ALL- ELECTRIC @ RUGGED give a thread depth engagement at least equal to the mini- 
mum thread depth of a Class 1 fit between a screw and 


a ACCURATE 
e FULLY PORTABLE ke insulation | nut (National Bureau of Standards Handbook H28). This 
iit throughout to 1 ACCU RATE 










with 























@ RANGES TO 50,000 MEGOHMS : 
eNO CRANKING © NO LEVELIN 












ST is buil nd is determined as follows: 

IBROTES testing FAST> BASY 9 nanical parts to 

resistance orious cranking — posts for ALL tests. (a—b) 100 
for you. Mo der.. Only wo DIANE Toi ranges, as WE 1 ———_———-= per cent thread depth engagement 
—— ¢ sdels have A.C. and D.C. a 

1 Mo : . . 

ou resistance ee makes insulation resssrion. Vhere: a = Outside di f steatite thread 

This is an instrumen affair | Ask for more into Where: a = Outside diameter of steatite thread. 
testing 2 “Push On FOR BULLETIN 2-A b = Maximum minor diameter of a Class 1 nut. 

Ww 





c = Double depth of the thread. 







Steiner Plastics Manufacturing Co., Inc., Long Island City, 
ce seer N. Y., has acquired a new 75,000-sq ft plant at Pratt Oval, 
3794 WEST BELMONT AVENUE e CHICAGO 18, ILLINOIS | Glen Cove, N. Y. 
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LOST: $6,000,000,000 FROM RUST! 


MAINTENANCE USES 

1. Products display 

2. Sprinkler system 

3. Water tank 
Exterior 
Interior 

4. Riser and Tower 

5. Window sash 

6. Piping 

7. Fire escape 

8. Boiler room 
maintenance 


. Gutters and 


Exterior 
Interior 


Exterior 
Intérior 


This year—every year, rust takes 
its tremendous toll in industrial 
plants throughout the country. In 
dozens of places throughout your 
building, from water tower to 
boiler room, in structural metal as 
well as during the fabrication of 
metal products, rust is silently at 
work, destroying valuable equip- 
ment, lowering profits, increasing 
maintenance costs. 

Regardless of the cause of corro- 
sion in your plant, or the extent of 


. Boiler setting 


down spouts 


. Stored metal 


. Various tanks and 
air reservoirs 


. Electrical control 
panel, bus bars, 
battery terminals, 
conduit 


. Valves, bonnets, stems 

. Structural steel 

. Chains and cables 

. Piping—Insulation 
On piping 

. Conveyors 


protection necessary, there is a 
correct NO-OX-ID rust preventive 
designed specifically to give you 
positive protection—chemically, 
by stopping corrosive action, 
mechanically by sealing off corro- 
sive elements. 

Check your plant for the typi- 
cally vulnerable areas illustrated. 
Let the Dearborn sales engineer 
make a complete Plant Inspection 
Survey and then recommend, the 
correct NO-OX-ID. 


DEARBORN CHEMICAL COMPANY 


General Offices: 310 S$. Michigan Ave. * 


Chicago 4, Illinois 


carborre,| 


Reg. U.S. Pot. Off. 


THE ORIGINAL RUST PREVENTIVE 
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. Templates, dies, and 

gauges in storage ; 

. Stored machinery 27. Parts in storage 

. Cooling tower 28. Metal stampings 

. Drying ovens 29 
23. Acid tank and 

ventilator hood 30. Production parts 


: ] 
ee (T1111 
Tu (aa 5011111) 


m SS LES 31 


——__..©: 


PRODUCTION USES 


. Stock metal in storage 


. Ventilators 31. Dipping production items 
. Railroad’track, 
rail joints 


. Steel overhead doors 33. Export shipments 


32. Finished production items 


There is a correct Dearborn NO-OX-ID to combat 
and protect against rust wherever it threatens. 


Dearborn Chemical Company 
310 S. Michigan Ave., Dept. EM 
Chicago 4, Illinois 


Gentlemen: 


Please send me a copy of your introduction 
to NO-OX-ID rust preventives. 


Company 


Address 
































5S O YoatuM MANUFACTURERS 
HAVE USED THE STAMP OF APPROVAL 
ON SPECIFICATIONS FOR 

































TRANSFORMERS 


* Many of our original customers of 30 years 
ago still specify STANDARD Control 
Transformers for their electrical equipment, 
because Standard Transformers are com- 
pactly and accurately built with sound basic 
construction to fit specific requirements. Con- 
sult your nearby representative today, or 
write to us direct for literature and specific 
information. 


































































Type MC single-phase, 
compound-filled, dry 
Shell type transformer type transformer, 500 
rated 1000 VA, 440 to VA, 440/220 to 110/ 
110 volts. 220 volts. 






































































Type MD single-phase, Type MC air-cooled trans- 
air-cooled transformer, former, 250 VA, 230/460 to 
3 KVA, 115 to 3 volts. ' 32 volts. 
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Design Trends 
and Transients 
(Continued from page 120) 


operations. 

The improved wire provides a talking range of about 
12 mi and weighs about 46 lb per mi. It consists of 
two conductors, each individually insulated and jack- 
eted, and twisted together to form a light flexible, flat- 
lying twisted pair. Each conductor is composed of 
three zinc-coated high-carbon steel strands and four 
tinned-copper strands, all twisted together in a tight, 
concentric bundle, covered by a cylinder of polyethylene. 
A thin covering of nylon provides a tight waterproof 
container for the strands. The new design requires no 
rubber for insulation. 

Companion item to the new wire is an improved 
dispenser, the result of research to develop a wire coil 
that can release wire at high or low speed without the 
use of reels or reel equipment. The dispenser is light in 
weight and made of non-critical canvas and tape. When 
wound with its maximum one-half mile of field wire, it 
is under 14 in. in diameter and 6 in. wide, and weighs 
only 26 Ib. OOO 


Brush Wear at High Altitude 


New type of impregnation gives increased 
life at higher interface temperatures. 


Dr. HOWARD M. ELSEY 


Westinghouse Research Laboratories 


Most brush problems are centered around mechan- 
ical wear which depends largely upon one factor, lack 
of lubrication between brush and commutator. For 
conventional machines operating under ordinary cir- 
cumstances the problem has been fairly well resolved. 
3ut the same solutions applied to aircraft generators 
have been something less than a success. 

The sliding surfaces of brushes and commutator 
are lubricated by a thin film of copper oxide, which 
forms on the surface of the commutator. Under ordi- 
nary circumstances this oxide film is constantly being 
worn off by the sliding of the brushes, but it is almost 
as rapidly replaced by chemical reaction of hot surfaces 
with oxygen from the air. Take away oxygen and 
oxidation-promoting water vapor, and the film, once 
gone, does not replace itself. Such is the case when 
ordinary brushes are used on high-altitude airplane 
generators where the oxygen concentration is greatly 
reduced and the moisture content of the air is prac- 
tically zero.* 

Several years ago an answer was obtained by adding 
metallic halides to the brushes. A typical example of 
such materials is lead iodide. It is thermally unstable 
and the heat generated at the face of a brush decom- 
poses the lead iodide, the iodine converting any exposed 
metallic copper on the commutator to copper iodide. 
The copper iodide in turn is attacked by the oxygen in 
the air, and in the absence of water vapor is con- 

* See “High Altitude Carbon Brushes Require Special Treatment” 


by W. C. Kalb and D. Ramadanoff, ELecrricaL MANUFACTURING, De- 
cember 1945, page 130. 
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four good reasons why these parts are 
made of 


THE SEYMOUR MANUFACTURING COMPANY, SEYMOUR, CONN. 
SEYMOUR == 
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TWO New electronic products 


with New 


advantages for you! 


STUPAK OFF 


De AGT TORS 


Trimmer and Stand-off Ceramic Capacitors 


TRIMMERS 


The ideal Trimmers for 
stondard and temperature- 
compensating capacities, 
starting at 0.5 mmf. 


NUMBER A 


54.0048 

54.0049 5/16 

54.0051 3/4 | 
54.0058 | 5/16 

54.0059 | 5/16| 39/64 


AND OTHER SIZES 





Serves as a Capacitor 
as Well as a Stand-off 


CERAMIC-Stea-\ 
tite, or wide- \ 
range of K ma- 
terials, to serve 
as a capacitor 
or stand-off. 
<_— 


CAP-tinned, 
for easy 
soldering. 


You get these advantages with 


STUPACITOR 
STAND-OFFS 
V Low Cost 


Vv Easy Assembly 
Vv Neat Appearance 


BASE-tinned 


bron, wm No. 54.0051 
hollow stem. 


Easy to rivet } approx. 
V Fewer Parts Needed 


to chassis. | | twice actual 
. Vv Compact Assembly 


STUPAKOFF 


CERAMIC & MANUFACTURING 
COMPANY 


Latrobe, Pennsylvania 


verted to copper oxide which is burnished by the brush 
to a low-friction commutator film. Brushes containing 
lead iodide and later lead chloride, which behaves in a 
similar manner, were widely used on many airplanes, 

Meanwhile, greater demands are being put on air- 
craft generators. In one instance they are called on to 
act as a starter motor for the power plant before taking 
over normal generator functions. Under these in- 
creased demands, brushes again began to wear out too 
fast. 

X-rays of worn brushes showed that none of the 
lead salts remained. Apparently the surface of the 
brush was being heated to a temperature high enough 
to drive off the lead salts near the surface. This in- 
dicated possible temperatures of 500 C or higher. If 
so, it appeared that a material with higher temperature 
stability would give better life. Some additional tests 
were made on another metallic halide which has prac- 
tically no vapor pressure even at 1000 C. Brushes con- 
taining this compound are now widely used on high- 
altitude planes. 

The brush problem is not an independent one. The 
new brush treatment creates conditions that must be 
taken into account by the designer of the machine as a 
whole and even by the voltage regulator designer. 
Brush temperatures are higher than before, affecting 
electrical resistance and compounding characteristics. 
Demands on aircraft generators will probably continue 
to increase, and a new and better treatment may have 
to be used. The questions of just what does happen at 
the face of the brush and what temperatures are reached 
still remains to be answered fully. oOo0g 


Combination Fan-Heater 


In determining the requirements for a personal type 
combination fan-heater, The Swartzbaugh Manufac- 
turing Co., Toledo, Ohio, conducted a field survey cov- 
ering the function, ease of use, performance and prices 
of competitive products. This survey indicated that no 
one fan-heater combination had both air-temperature 
regulation and variable air velocities. Also there were 
no personal-type air circulators with fan blades under 
10 in. diam that provided 360 deg air flow around the 
appliance. 

With this information the requirements set up for 
the new combination fan and heater were: 

1. Air temperature regulation. 

2. Variable air velocity. 

3. Fan blades under 10 in. 

4. Direction of air flow adjustable through 360 deg. 

Tests were conducted on various motor-fan com- 
binations and the performance of the units compared 
with cost. As a result the motor selected was a 117-volt 
continuous-duty a-c motor with a full load torque of 
6.2 oz-in, at 2900 rpm. Fan used was a 7-in. 5-blade 
type capable of delivering 433 cfm when driven at 2900 
rpm. Since maximum air speed is at tips of fan blades, 
the heating element coil made of 18-gage alloy wire was 
placed near the blade tips. 

Problem of providing adjustable air velocities with- 
out any necessity for a special motor or switch was 
solved by using a solid disk and a venturi opening. As 
the disk is moved along the axis of the motor in rela- 
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For the Answer to Your Insulation Problem 


VARGLAS SILICONE. That’s the insulating sleeving and tubing— 
pioneered by Varflex—that takes temperatures ranging from 500° F 
above to 85° F below in its efficient, resistant stride. Lead wire and 
treated cord too. 


VARGLAS TUBING IMPREGNATED WITH GENERAL ELECTRIC 
PERMAFIL. Tough, flexible, heat-resistant—available in coils. Premium 
tubing at a reasonable price. 


VARGLAS SLEEVING AND TUBING. Numerous types and grades—in- 
cluding synthetic treated, varnished, lacquered, saturated, litewall and 
others. 


VARGLAS NON-FRAY SLEEVING. Three types—may be subjected to 
temperatures up to 1200° F—for applications where dielectric require- 
ments are not primary. 


VARFLO TUBING AND SLEEVING. New, low-priced — for applications 
where unusually high temperatures are not a factor. A real economy line, 
this. 


VARFLEX COTTON TUBING AND SLEEVING. Varnish or lacquer im- 
pregnants — for applications where Fiberglas products are not required. 


SYNTHOLVAR EXTRUDED PLASTIC TUBING. Low temperature flexibil- 
ity—high dielectric and tensile strength—made from a standard formula- 
tion of vinyl polymers. 


SAMPLES? All you want with 
our compliments. For free 
folder of our com- 


plete line, just clip ee ee ee ee ee ee ee ee 
and mail this 


coupon. VARFLEX Corporation, 309 N. Jay St., Rome, N. Y. 


Please send me information as well as free samples of your 
electrical Sleeving and Tubing. 


V K c L E X tam particularly ee in samples suitable for__..__- 


CORPORATION NII secs dssessennrncene i uehaetash dh lliaian ie ean 


Ro cs a A eee 
MAKERS OF ELECTRICAL INSULATING 
TUBING AND SLEEVI-NG 
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LUG 


Precision of temperature con- 
trol is the basis for uniform 


, quality 1 
Typical 


which automatically maintains 


nm many products. 


of the equipment 6. 


process temperatures within 


close 


limits under varying 


load conditions is the Royle 
Temperature Control Unit 
shown here. 


It is also typical of modern 


¥ 


equipment design that LORD \ ~ 


products are used to protect \ 


. ‘ = 


sensitive controls against de- \ a 


4 


structive vibration. Note that \ 
LORD Flexible Mountings \~ 
beneath each pump isolate the 
source of disturbance; and 
LORD Flexible Couplings be- 
tween motor and pumps 
accommodate shaft misalign- 
mentand dampen shaft 
vibration. 
In addition to protecting 
\ accuracy, LORD Mountings 
K>> and Couplings add sales ap- 
me peal by making mecahanical 
" products smoother and 
quieter. Learn how LORD Vi- 
bration Control can improve 
your product. Submit details 
for analysis and recommen- 
dation; or request that the 
LORD representative call. 


[PANY + ERIE, PA. 
ng ering Corp. Ltd. 


Vibration-Control Mountings 
... Bonded-Rubber Parts 


tion to the venturi opening, air volume is varied. Di- 
minished air volume provides a higher temperature with 
wattage remaining constant. On the other hand unre- 
stricted air flow gives decreasing air temperatures. 
With this disk control system, air can be made hot or 
cold by turning the disk closed or open to control air 
flow. Switch on unit housing starts the motor and then 
energizes heater element. Fan guard for the unit was 


By changing the position of a circular disk, fan-heater 

can be used as either a circulator or spot heater. Disk 

mounted on fan guard serves as a diverter when unit is 

used as a circulator (above) and as a base when used as 
a conventional directional-type fan (below). 


designed so the base could be detached and used as a 
diverter to provide 360 deg air flow when used as a 
circulator. 

Primary objectives for the design have been fulfilled. 
Unit has a temperature range up to 50 deg F and air 
output can be varied up to 35 per cent. Appliance is 
capable of meeting a wide range of needs as a floor 
circulator or spot heater. A circulator base provides a 
stable platform and prevents tipping. ooo 


Aecryliec-Cased Demonstration 
Pump Motor 


Fabricated acrylic sheets were used to excellent ad- 
vantage for the housings and other parts of operating 
models of the 10-hp vertical-shaft General Electric 
Tri-Clad pump motor and associated controls. 

The acrylic parts were built up of flat and formed 
sections. The fabricators (The Fabri-Form Company, 
Byesville, Ohio) worked closely to G-E standard pro- 
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ADJUSTABLE SPEEDS 
FROM A-C. CIRCUITS 


STARTING without clutches! 
STOPPING without mechanical 


brakes or clutches! 


REVERSING without use of gears 


or clutches! 


JOGGING, INCHING, CREEPING 


without slipping clutches! 














Call your nearest Reliance Application 
Engineer or write today for Bulletin 311 
(V*S Drives through 200 horsepower). 








+s write also for Bulletin 
D-2101 describing the 


NEW, smaller, low- 
cost Reliance Vx*S 
Drive, in sizes from 3/4 
to 2 horsepower. Per- 
forms all the functions 
of mechanical trans- 
missions—electrically ! 



















| 


RELIANCE -tneinccaine co 
__. “Motor-Drive is More Than Power” * 1054 Ivanhoe Road, Clevelond 10/Ohig 
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Sales Representatives in Principal Cities 









































duction drawings and made only such structural 
changes as were necessary to strengthen points that 
were not strong enough in acrylic. All acrylic parts 
were clear except where tinted stock was required to 





Transparent acrylic used 
for demonstration G-E mo. 
tor and controls shown at 
Metal Mining Exposition. 


Same 
Mounting 
ra Ae 


ea Fela Cole distinguish special features in demonstrations. Stators, 
rotors and bearings were the only metal parts used 
| in the motor; standard windings were used, but in 
some models a special winding was employed for serv- 
ice on 110-volt, single-phase supply. 
Transparent acrylic housings were also made for 
the associated controls—the time-delay switch and the 
| magnetic starter. Oo0 


SOLENOID CONTACTORS 


save installation time Molded Kel-F Tube Base 


Injection molded Kel-F plastic (polymonochlorotri- 
fluorethylene) has been specified for this intricate tube 
base owing to this combination of properties: High 


Unit construction — temperature resistance, high dielectric strength; good 
Fit standard AC mounting 


Now, with this modern, compact solenoid-type con- 
tactor... you'll no longer have the nuisance of drilling | 
special holes for each component and furnishing spe- | 
cial insulation. 

Ward Leonard’s new Size 1, 2 and 3 DC Solenoid 
Contactors are unit-insulated—and have metal base 
plates which fit AC contactor dimensions. 

» Same accessibility of wiring as AC contactors... 
silver-to-silver contacts . . . components interchange- 
able with AC contactors. 

Write for new Bulletin 1950. WARD LEONARD 
ELECTRIC CO., 34 South Street, Mount Vernon, N. Y. 
Offices in principal cities of U. S. and Canada. 





| 
| 
| 
| 



















mechanical properties and moldability. Dimensions: 2 
in. diam x 3% in. overall thickness. No machining re- 


| quired, even for the narrow slots for contact clips. 
ELECTRIC COMPANY | Molded by The American Molding Co., San Francisco 


for Ejitel McCullough, Inc., San Bruno, Cal. (see 
“Fluorocarbon Resins Appraised” p. 76, August and 
| p. 80 September issues ELEcTRICAL MANUFACTURING. 
Editorial reprint available, see p. 162) ooo 
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HOW TO AVOID 
PRODUCT FAILURE 












The failure of a soldered joint 
can mean failure of your prod- 






uct... costly repairs... customer 
dissatisfaction. 

It pays to buy the best solder to insure satisfac- 
tory soldering work in your operations . . . and 
thats FEDERATED SOLDER! 


Federated Rosin Core and Solid Wire solders are 










made to rigid specifications .. . alloyed scientifi- 
cally under the control of skilled metallurgists. 
Listed by Underwriters’ Laborato- 
ries, Inc. For prompt attention 

on orders or service call or 

write any of Federated’s 25 
sales offices across the nation. 








o e e 
Seduidl Wliials Diwiion (fox 
Pte 
AMERICAN SMELTING AND REFINING COMPANY it ED 
120 Broadway, New York 5, N.Y. 
















...use OHMSTONE 


for mounting switches, relays, 
circuit breakers, bus bar supports 






Ohmstone* panels were especially devel- 
oped for mounting switch gear and other 
circuit control apparatus where an extra 
protection against surface arcing is re- 
quired. Their shock resistance permits 
their use with heavy switches, relays, and 
circuit breakers. 

Ohmstone is an asbestos product. Its 
fiber structure enables it to withstand sud- 
den changes in temperature. In addition to 
its high arc resistance Ohmstone possesses 
good dielectric strength. 

Ohmstone is furnished in a wide range 
of standard panel sizes and thicknesses. For 
further information, write to Johns» 5 
Manville, Box 290, N. Y. 16, N. Y. Wl 
*Reg. U.S. Pat. Off. over? 












HEATING ’ ELECTRIC 
ELEMENT SUPPORTS RANGE PARTS 


















CEILING FIXTURES SOCKET PARTS 





CORD HOLDERS 














ONE DEPENDABLE SOURCE for all standard or custom 


shapes and sizes. Prompt deliveries assured. Standard 
unglazed color is white. Standard glazes are white or 
brown. Check General Ceramics on your insulating 
requirements today — prompt estimates on any job. 


Ge CERAMICS im 
and STEATITE CORP, —— 


KEASBEY © NEW JERSEY 







Johns-Manville 


OHMSTONE 


an asbestos product for 
mounting electrical equipment 












MAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LI( 
REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, COAXIAL CABLE 
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Guide to Buyin 


MATERIALS @ METALS @ ELECTRICAL & MECHANICAL PARTS e@ EQUIPMENT e FINISHES 


Index of products and services as advertised in ELECTRICAL MANUFACTURING and which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Always consult latest issue. Ex- 
panded data may be secured from advertisements. Publisher will supply any additional information, 
which is available, upon request. Address—John A. Campbell, Director, Reader Service. 


ADHESIVES 


Armstrong Cork Co., Lancas- 
ter, Pa 

Durez Plastics & Chemicals, Inc.. 1312 
Walck Rd., N. Tonawanda, N. . 

Minnesota Mining & Mfg. Co., St. Paul 
6, Minn. 

National Electric Coil Co., Columbus 16, 
Ohio 


ALUMINUM 


Aluminum Co. of America, 
Bidg., Pittsburgh 19, Pa. 

Federated Metals Div., American Smelt- 
oS Refining Co., 120 Bway., N. ¥ 


Reynolds Metals Co., Aluminum Div., 
2555 So. Third, Louisville 1, Ky. 


AMMETERS. See Instruments. 


ANODES, PLATING 


American Brass Co., Waterbury 88, Conn. 
— & Co., Inc., 113 Astor, Newark 5, 


9512 Arch, 


2165M Gulf 


Chase Brass & Copper Co., Dept. EM 
250, Waterbury 20, Conn. 

du_ Pont de Nemours & Co., Inc., E. I. 
Electro-Chemicals Dept., Wilmington 98, 


el. 
Federated Metals Div., American Smelt- 
cae ns Co., 120 Bway., N. Y. 


General Plate Div., Metals & Controls 
-» 412 Forest, Attleboro, Mass. 
(Silver, Gold) 
Handy & Harman, 82 Fulton, New Yerk 
7, N. Y. (Gold and Silver) 
Makepeace Co.. D. E., Attleboro, 
(Gold & Silver) 
Revere Copper & Brass. Inc., 230 Park 
Ave., New York 17, N. Y. 
Seymour Mfg. Co., Seymour, Conn. 


ASBESTOS SLEEVING. 
and Tape, Asbestos. 

ASSEMBLING MACHINES 

Detroit Power Screwdriver Co., 2817 W. 
Fort St. Detroit 16, Mich 
BALANCING MACHINES 

Westinghouse Electrie Corp., P.O. 
868, Pittsburgh 80, Pa. ae 

BALLS, BEARING 

Hartford Steel Ball Co., Hartford 6, 
Conn. 


Borer Ball & Bearing Co., Ann Arbor, 
cn. 
= Industries, Inc., Philadelphia 82, 


Strom Steel Ball Co., 1950 8. 
Cieero 50, Til. ete 


SATTERIES, DRY 


Radio Corp. of America, Commercial 
Eng’r’g. Sec. L41R, Harrison, N. J. 


BATTERY ELIMINATORS. 
Supply Units, Rectifier. vedios 


BEARINGS, BABBITT 


Johnson Bronze Co., 570 8. Mill, New 
Castle, Pa. (Steel or Bronzed Backed) 
Moraine Products Div. of General 
Dayton, Ohio. (Steel-Backed) 
— & Son. Inc., Joseph T., Chicago, 


Mass. 


See Sleeving 


BEARINGS, BALL (Miniature) 
Miniature Precisi 
re pees sion Bearings Ine. 
New Departure Div. of General Motors 
ts Case... Bristal, Conn. 
a- mann Bearin: eo ° 
— gs Corp., Stam 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Aetna Ball and Roller Bearing Company, 
4600 Schubert Ave., Chicago 39, Til. 

Fafnir Bearing Co., New Britain, Conn. 

Hoover Ball & Bearing Co., Ann Arbor, 
Mich. 

New Departure Div. 
Corp. Bristol, Conn. 

Nice Ball Bearing Co., 30th & Huntington 
Park Ave., Philadelphia, Pa. 

Norma-Hoffmann Bearings Corp., Stam- 


ford, Conn. 
= Industries, Inc., Philadelphia 82. 


of General Motors 


226 


New 


(Powdered 


(Rubber- 
Erie, Pa. 


of Standard- 
Waltham 


BEARINGS and BUSHINGS, BRONZE 

Bound Brook Oil-Less Bearing Co., 

Bound B ». we. J. 

Chase Brass & Copper Co., Dept. EM 
250, Waterbury 20, Conn. 

Johnson Bronze Co., 570 8S. Mill, 
Castle, Pa. (Bronze on ). 

—.- Co., Inc., P. BR. Indianapolis 
. Ind. 

Moraine Products Div. of General Motors 
Corp., Dayton, Ohio. 

Morganite, Inc., Long Island City 1, N. Y. 

Randall Graphite Bearings, Inc., 211 E. 
Market, Lima, Ohio 

BEARINGS AND BUSHINGS, 
LUBRICANT-RETAINING 
Metal) 

Amplex Mfg. Co., Sub. of Chrysler Corp., 
6501 Harper, Detroit 31, Mich. 

Bound Brook Oil-Less Bearing Co., 
Bound Brook, N. J. 

Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. (Oilless, 
Self-lubricating) 

Johnson Bronze Co., 570 8. Mill, New 
Castle, Pa. 

Moraine Products Div. of General Motors 
Corp., Dayton, Ohio. 

National Molded Products, Inc., St. 
Marys, Pa. 

Randall Graphite Bearings, Inc., 211 E. 
Market, Lima, Ohio 

BEARINGS AND BUSHINGS, NON- 
METALLIC 

General Electric Co., Chemical Dept., 
8-11, 1 Plastics Ave., Pittsfield, Mass. 

National Vulcanized Fibre Co., Wilming- 
ton, Del. 

Richardson Co., 2799 Lake 8t., Melrose 
Park, Ill. 

neon & Bon Ine., Joseph T., Chicage, 

Westinghouse Electric Corp., P. O. Bor 
868, Pittsburgh 30, Pa. 

BEARINGS, FLEXIBLE 
backed) 

Lord Mfg. Co., 

BELLOWS, METALLIC 

Clifford Mfg. Co., Div. 

Thomson Corp., 126 Grove, 
54, Mass. 

BELT DRIVES. See Drives, V-Belt. 

BERYLLIUM COPPER (Rod, 8trip 
Tube, Wire) 

Beryllium Corp., Dept. 11, Reading 5, 

a. 

Mallory & Co., Inc.. P. R., Indianapolis 
6, Ind. 

BIMETALS. See Thermostatic Bimetals. 
BITS, SCREW AND BOLT. See Socket 
Screw Keys & Wrenches. 

BLOCKS, PILLOW 

Fafnir Rearing Co., New Britain. Conn. 

Norma-Hoffmann Bearings Corp., Stamford, 
Conn. 

Randall Graphite Bearings, Inc., 211 E. 
Market, Lima, Ohio 

SKF Industries, Ine., Philadelphia 82, Pa. 

BLOCKS, TERMINAL. fee Strips. 
Blocks and Boards, Terminal. 

BLOWERS. See Fans and Blowers. 

BOLTS. See Fasteners. 

BOXES, METAL. See Cabinets, Sheet 

Metal. 


BOXES and CRATES, WIREBOUND 

See also Containers, Packaging and 
Shipping. 

Wirebound Box Manufacturers Assn., 

_ 1150, Borland Bldg., Chicago 3, 


BRASS. BRONZE AND COPPER 
All Commercial Forms 
(For Wire, See Wire and Cable, Bare) 
American Brass Company, Waterbury 88, 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys). 


Chase Brass & Copper Co., Dept. EM 
250, Waterbury 20, Conn. 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

Federated Metals Div., American Smelt- 
Se Refining Co., 120 Bway., N. Y. 5, 


Hussey & Co., C. G., Pittsburgh 19, Pa. 

Ilseo Copper Tube & Products, Inc., Cin 
cinnati 27, Ohio. (Cues Tubing). 

Johnson Bronze Co., 570 8S. Mill, New 
Castle, Pa. (Bronze Bars). 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 


BRAZING ALLOYS, SILVER 
Baker & Co., Inc., 113 Astor, Newark 5 


x. &. 
Chase Brass & Copper Co., Dept. EM 
250, Waterbury 20, Conn. 

General Plate Div., Metals and Controls 
Corp., 412 Forest, Attleboro, Mass. 
oe. ee, 82 Fulton, New York 

Makepeace Co., Attleboro, Mass. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Ney Co., J. M., 371 Elm, Hartford 1, 
Conn. 


BRONZE. See Brass, Bronze & Copper: 
also Phosphor Bronze. 


BRUSH CAPS 

Triple ‘“‘M’’ Electronents Div., Midwest 
Molding & Mfg. Co., 4630 W. Fuller- 
ton Ave., Chicago 39, TIL 


BRUSHES: CARBON, GRAPHITE, 
METAL-GRAPHITE 

Becker Brothers Carbon Co., 3450 8. 58nd 
Ave., Cicero 50, Il. 

Graphite Metallizing Corp., 1059 Nep- 
perhan Ave., Yonkers 3, N. Y. 

Morganite, Ine., Island City 1, N. Y. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

Superior Carbon Products, Ine., 9114 
George Ave., Cleveland 5, Ohio. 

Westinghouse Electric Corp., P. O. Box 
868. Pittsburgh 30, Pa. 


BUSHINGS 
BEARING, see Bearings and Bushings. 
COMPOSITION, see Plastics-Custom. 
FIBRE, see Fibre, Vuleanized. 
GLASS, see Glass, Technical. 
MICA, see Mica. 
PORCELAIN, see Ceramics. 


BUTTONS and CLIPS, SNAP 
FASTENER 
Cuyahoga Spring 
Cleveland 2, 
CABINETS, SHEET METAL 
Chassis, Housings, Panels, 

Tanks). 

Alden Products Co., 117 North Main, 
Brockton 64EM, Mass. 

Overly-Hautz Co., 11500 Madison Ave., 
Cleveland 2. Ohio. 

Riester & Thesmacher Co., 1526 W. 25, 
Cleveland 13, Ohio 


CABLE. See Wire & Cable. 


Co., 10251 Berea Rd., 
hio 


(Boxes 
Racks, 


CABLE ASSEMBLIES and HAR- 
Wire. 

CAMBRIC, VARNISHED. See Fabrics. 

CAPACITORS 

Aerovox Corp., New ‘ord, Mass. 

Inc., 1504 N. 

Fourth, Harrisburg, Pa. 

Automatic Electric Co., 

Cornell-Dubilier Corp., Dept. H950, South 
Plainfield, N. J. 

General Electric Co., Capacitor Sales 
Div., Pittsfield, Mass. 
6. Ind. 

Sangamo Electric Co., Springfield, Il. 

Stackpole Carbon. Co., St. Marys, Pa. 

CARBON AND GRAPHITE: (Contacts 
Electrodes An 


NESSES. See Harnesses & Assemblies, 
Insulating. 
Bedf 
Aircraft-Marine Products, 
1088 W. Van 
Buren, Chieago 7, IIl. 
Electric Auto-Lite Co., Toledo 1, Ohio. 
Mallory & Co., Inc., P. R., Indianapolis 
Sprague Electric Co., North Adams. Mass. 
odes, Bearings. iscs. 


ect: 
Piles, Plates, Plungers, Rings, Séals, 
ete.) 


Becker Brothers Carbon Co. 3450 S. 52nd 
Ave., Cicero 50, Ill. 


Graphite Metallizing 
perhan Ave., Yonkers 3, N. &. 
Morganite, Inc., Long Island City 1, N. 
Speer Carbon Co., St. Marys, Pa. 
Stackpole Carbon Co., St. Marys, 


CASTINGS, ALUMINUM. See 
Castings, Die. 

Aluminum Co. of America, 
Bidg., Pittsburgh 19, Pa. 

Bound Brook Oil-Less Bearing Co., 
Brook, N. J. 


CASTINGS, BRASS, BRONZE, COPP 


Allis-Chalmers ve Co., 937A 8. 
Milwaukee 1, Wis. : 
Bound Brook Oil-Less Bearing Co., Bound 


Brook, N. J. 5 
Johnson Bronse Co., 570 8. Mill, New 
Castle, Pa. f 
Mallory & Co., Inc., P. B., Indianapolis 
6, Ind. 
CASTINGS, DIE oa 
Allied Products Corp., Dept. B-3, 12% 
Burt Rd., Detroit 23, Mich. 
Aluminum Co. of Se 1896M Gulf 
Bidg., Pittsburgh |. &a. 
Electric Auto-Lite Co., Toledo 1, Obie 


Aluminum & Zinc) 
edn Reproducer Corp., 108 Willow Ave., 
New York 54, N. Y. rc 
Madison-Kipp Corp., 214 Waubesa, Madi- 
son 10, Wis. (Aluminum & Zinc) 
Monarch Aluminum Mfg. Co., 9301 De 
troit Ave., Cleveland 2, Ohio 7 
New Jersey Zinc Co., 160 Front, New 
York 7, N. . (Zine Die Casting 
Alloys) 


CASTINGS, GRAY IRON 

Electric Auto-Lite Co., Toledo 1, Ohio 

Wheland Co., Foundry Div., Chattanoogs 
2, Tenn. 


CASTINGS, 
Process) 
Allied Products Corp., Dept. B-3, 1264 

Burt Rd., Detroit 23, Mich. 
Allis-Chalmers Mfg. Co., 987A 8. 1, 


Milwaukee 1, Wis. 
ickel Co., Inc., 67 Wall 
ree ee 6 Y. (Nickel and Alloys) 


CATHODE RAY TUBES. Bee Tubes. 
Cathode Ray 


CEMENT, CERAMIC aia 
Alloy Mfg. Co., Div. © ational 
"Tr . Niagara Falls, N. Y. 


OEMENT, INSULATION AND SEALING 


J Car. 

Bakelite Division, Union Carbide & 

bon Corp., Dept. re. 30 E. 42nd, 

New York 17, N. Y. 
du Pont de Nemours Co., E. L, Finishes 

Div., Wilmington 98, Del. 
Durez Plastics & Ghanies®. - 1312 

Walck Road, N. Tonawanda, N. #. 
General Electric Co. Chemical Dept. 8-11, 

1 Plastics Ave., Pittsfield, Mass. 
National Electric Coil Co., Columbus 16, 

Cements Co., 


reser 1045 N. Canal 
Pa. 


Sauereisen 
Pittsburgh 15 

Titanium Alloy Mfg. Co., Div. of Nationa) 
Lead Co., Niagara Falls, N. Y. 

Zophar Mills, Inc., 117 Twenty Sixth, 
Brooklyn 32, N. Y. 


CERAMICS 
Standard Porcelain (low-volt) 
Refractory Porcelain 
High-voltage Porcelain 
Cordierite 
Zircon Porcelain 
Steatite (Lava) 
Titanates 
Cement- Asbestos 
Akron Porcelain Co., 2725 Cory Ave. 
Akron 14 Ohio (AB) 

American i Corp., Chattanooga 5, 
Tenn. (ADEFG) 
Ceramic Specialties Co., 444 W. Sixth, 

East Liverpool, Ohio (A) 
Colonial Insulator Co., 907 Grant, Akros 


11, Ohio (ABCE) 
Garfield Mfg. Co., Garfield 1, N J. (H) 


General Ceramics & Steatite Corp., Keas- 
bey, N. J. (ABCDEFG) 

Illinois Electric Porcelain Co., Macomb 
Til. (AC) 

Knox Porcelain Corp., Knoxville 1, Tena 
(ABC) 

Louthan Mfg. Co., East Liverpool, Onto 
(ABDEF) 

New Jersey Porcelain Co., New York Ave. 
& Plum, Trenton 5, N. J. (ABE) 

Porcelain Products, Ine., Parkersburg, 
WwW. Va. (ABC) 

Richardson o. 2799 Lake St., Melrose 
Park, Il. ( 

Rostone Corp., 123 8. Earl Ave., Lafe- 


yette Ind. (H) 
Square D Co., 6060 Rivard, Detroit 11, 


Mich. (A) 

Star “Porcelain Co., 41 Muirhead Ave. 
Trenton 9. N. J. (ABF) 

Steward —_ D M., Chattanooga, 
Tenn. (DF 

Stupekoff Ceramic & Mfg. Co., Latrobe, 
Pa. (ABEF) 

Titanium Alloy Mfg. Co., Div. of National 
Lead Co., Niagara Falls, N. Y. (20) 

Universal Clay Products Co., 1540 & 
First, Sandusky, Ohio (A) 


1896M 


PRECISION (Lost-Was 


Inc., 


(A) 
(B) 


CIRCUIT BREAKERS 


Aiie-Coaee te. Co., 987A 8. 7%, 
Milwaukee 1, 5. 
Fasco Industries, Inc., 100 Auguste, 
Rochester 2, N. Y. 


ELECTRICAL MANUFACTURING 





q GEO. STEVENS ARMATURE WINDER Model 36 
IN E W WITH EXCLUSIVE STATIONARY ARMATURE 
© ¢ Fast—1,000 turns per minute on straight or skewed armatures —a big time saver. 

F 0 R " I N y \ 63 ; toanaiildneaamon scuaiatuardedeaieatinntemeniaes 


slots, permitting armature to remain stationary. 

S M iy ae iy 4 M AT Tt +4 ' 5 e MUCH TIGHTER armatures may be wound because of the uniform tension with which 
wire is automatically guided and laid in the slots, permitting as much tension as 
strength of wire allows. 

e Armature AUTOMATICALLY indexed. 
¢ Positive control over number of turns is attained because a predetermined number 
of turns is wound automatically. 
e Easy to set-up. Just change one gear to set-up turns. No complicated gearing 
formulas —number of teeth determine number of turns. 
e Simple operation. All controls handy for girl operator. Any girl can learn op- 
eration in only 30-60 minutes. 
e Very low original cost and maintenance. Carballoy wire guides help give 
machine long life. 
e Occupies only 20” x 30” in your plant (machine and table) —a real space 
saver. 
chace te 6 GON: GUNNNadian tee ere eo etntiee cand. e Made and guaranteed by Geo. Stevens Mfg. Co., Inc. (There are more GEO. 


Raddnes that wind MNT thad of coll BS Geciieiiie tar tahere- STEVENS coil winding machines in use than all other makes combined. 


tory or production line. ... Send in a sample of your coil or a 
print to determine which, model best fits your needs. Special 
designs can be made for special applications. Write for fur- 


Wnt Dig Manat of at Mining Mein VE mele mera 


REPRESENTATIVES mEG. CO... INC. 
FRANK TATRO, 6022 No. Rogers Ave., Chicago 30, IIlinois : 
RALPH K. REID, 1911 W. 9th St., Los Angeles 6, California 


Pulaski Road at Peterson, Chicago 30 
R. F. STAFF & CO., 1213 W. 3rd St., Cleveland 13, Ohio 


“THERMABANDS” 


tian mold ne ma 
es, reactors, preheaters 
ECR Ok 


heat nerco 
adi pe 


ae leaarlas 


is supplying the answer... 


to a long felt need, by producing the ULTIMATE 
in the application of ELECTRIC HEATING ELE- 
“THERMAPLATENS"’ MENTS for the solution of Industrial, Commercial 


atelaehk and Domestic Concentrated Heat Requirements 


We offer you properly engineered solutions to 

very particular problems, to the end that you can main 
tain the temperature requirements tor top production 
needs ind the assurance 


heretofore thought ereeh ea ner 


Cast-in heaters can b 
Brass. Cast Iron, Mehat 
atures to 1400°1 are 
“THERMATUBES"' 
Available 


FL meat 


” 
-y a 
F wit ah ¢ 3441 W. Lake St. * Chicago 24, Ill 
9 e Phone NEvoda 2-2323 


DECEMBER 1950 





























GOOD Sheet Metal Fabrications 

















UNUSUAL SKILLS and FACILITIES 


Why are these 
G00D 
SHEET METAL 




















































































FABRICATIONS 
e 




























































































































































































Because they’re exactly 
what they asked for! 


Our old customers come to us for new fabri- 
cations because they know we'll give them 
exactly what they ask for. We find all our 
customers want the same things, good delivery, 
better prices, best craftsmanship. Our only 
extras are our extra ability to handle even 
intricate fabrications simply and give extra 
service quickly. Let us quote you on your 
next job. 



















































































































MANUFACTURERS 
Special Stee! Equipment 
Metal Cases — Cabinets 


CONTRACTORS 




















1526 W. 25th big 












CLEVELAND 13, OHIO 
CHerry 1-0154 
















VENTILATION, 
AIR CONDITIONING 




















General Electric Co., Apparatus Dept. 
Schenectady 5, N. 


Se Co., 99 Plum, Tren- 

ton 

Murray Mfg. Corp., 1250 Atlantic Ave., 
Brooklyn 16, N. ¥. 

—— D Co., 6060 Rivard, Detroit 11. 

Westinghouse Elec. Corp., P. O. Box 868. 
Pittsburgh 30, Pa. 


CLAMPS, GROUND 
Burndy Bypnaains Co., Inc. New York 


a, we Ee 
Ilsco Copper Tube & Products, Inc., Cin- 
cinnati 27, Ohio. 


CLAMPS, TEST 

ot Engineering Co., Inc. New York 
54, N. Y. 

Chase Brass & Copper Co., Dept. EM 
250, Waterbury 20, Conn. 


CLEANING COMPOUNDS, METAL 
Oakite Products, Inc., 18H Thames, New 
York . F. 


CLIPS, SNAP. 
Snap. 


CLOTH, INSULATING. See Fabrics, In- 
sulating. 


CLOTH, TRACING. See Tracing Cloth, 
Film & Paper. 


CLUTCHES 
Twin Dise Clutch Co., Racine, Wis. 


COAXIAL CABLE. See Wire and Cable, 
Insulated. 


COIL CORES AND FORMS 


Accurate Paper Tube Co., 854 N. 
St., Chicago 22, Ill. 

Alden Products Co., 117 North Main, 
Brockton 64EM, Mass. 

Cleveland Container Co., ome Barberton 
Ave., Cleveland 2, Ohi 

Gries Reproducer Corp., 108 Willow Ave.. 
New York 54, N. Y. 

Paramount Paper Tube Corp., 612 Lafay- 
ette, Fort Wayne 2, Ind. 


See Rings, Retainer & 


Noble 


Precision Paper Tube Co., 2035 W. 
Charleston, Chicago 47, Iil. 
Stackpole Carbon Co., St. Marys, Pa. 


(Serew-Type, Molded Iron). 


COILS and WINDINGS 


Coto-Coil Co., Inc., 65 Pavillion Ave., 
Providence 5, R. I. 

Dano — Co., 93 Main, Winsted, 
Con 


Davis "& Co., Inc., Dean W., 1006 First, 
Kentland, Ind. 

Electric Auto-Lite Co., Port Huron, Mich. 

Federal Telephone and Radio Corp., 100 
Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Dept.. 
Schenectady 5, N. Y. 

Master Appliance Mfg., Co., Fourth & 
Ontario, Racine, Wise. 

National Electric Coil Co., 
16, Ohio. 

Nothelfer Winding Laboratories, 11 Albe- 
marle Ave., Trenton 3, N. J. 

Radio Corp. of Amer., Commercial Engrg. 
Sect. L41R, Harrison, N. J. 

Raytheon Mfg. Co., Dept. 6460EM, Wal- 
tham 54, Mass. 

Wilmington Coil Co., Richardson Park, 
Delaware 

Wheeler Insulated Wire Co., Inc., 1102 
East Aurora, Waterbury 20, Conn. 


COIL WINDING MACHINES 

Cosa Corp., 405 Lexington Ave., New 
Tex iv, N.Y. 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill. 

Radio Corp. of America, Commercial En- 


grg., Sec. L41R, Harrison, N. J. 
Seifert, Inc., E. R. 202 S. Beach &t., 


Syracuse 10, N. 

Stevens Mfg. Co., on, 6022 N Rog- 
ers Ave., Chicago 30, Til. 

Universal Winding Co., P. O. Box 1605, 
Providence 1, RB. I. 


COMMUTATORS 


Kirkwood Commutator Co., 1345 Carnegie 
Ave., Cleveland 15, Ohio. 

Toledo Standard Commutator Co., 1111 
Beehler, Owosso, Mich. 

Triple ‘“‘M’’ Electronents Div., Midwest 
Molding Co., 4630 W. Fullerton Ave., 
Chicago 39, In. 

Nippert Electric Products Co., 1759 W. 
Mound, Box 1903, Columbus 16, ‘~. = 

Westinghouse Electric Corp., P. O. 
868, Pittsburgh 30, Pa. 


COMMUTATOR SAWS and SLOTTERS 


Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, IIL 


COMPOUNDS, SEALING. See Cement, 
Insulating & Sealing; also Waxes and 
Compounds. 


Columbus 


COMPOUNDS, ae. See Var- 
nishes, Compounds and Resins 


CONDENSERS. See Capacitors. 


CONNECTORS, WIRE & CABLE 


Aircraft-Marine Products, Inc., 1504 N 
Alden Products Co., 
Brockton 64EM, Mass. 








American Brass Co., Waterbury 88, Conp 

oe Engineering Co., Inc. New Yor: 
5 

Cannon Elsctrie Development Co., 
Riis. 8209 Humboldt, Los Angeles 

Chase Brass & Copper Co., Dept. EM 
250, Waterbury 26, Conn. 

General Electric Co., Construction Mate. 
rials Dept., Bridgeport 2, Conn. 

Ideal Industries, Inc., 1008 Park Ave, 
Sycamore, Il. 

Ilsco Copper Tube & Products, Inc., Cin. 
cinnati 27, Ohio. 

Joy Mfg. Co., Mines Equipment Diy, 
Henry W. Oliver Bldg., Pittsburgh 29 
Pa. 

Krueger & Hudepohl, Walsh Bldg., Cip. 
cinnati 2, Ohio. 
Russell & Stoll Co., Inc., 125 Barelay, 

New York 7, N. Y. ‘‘Ever-lok’’ 

Scintilla Magneto Div., Bendix Aviation 
Corp., Sidnev. N. Y 

Soreng Mfg. Corp., Dept. MO-12, 9555 
Eden Ave., Schiller Park, [1]. 


CONTACTORS, MAGNETIC. See Relay 
& Contactors. 


CONTACTS AND CONTACT POINTS 
2 Co., Inc., 113 Astor, Newark §, 


318 Washington, Mi. 
ernon, N. Y,. 
Fansteel Metallurgical Corp., North Chi 


cago, Ill. 
General Plate Div., Metals and Controls 
Corp., 412 Forest, Attleboro, Mass. 
Graphite Metallizing Corp. 1050 Nep 

perhan Ave., Yonkers 8, N. Y. 
Makepeace Co., D. E. Attleboro, Mass. 


we ie & Co., Inc., P. R., Indianapolis 
Ney eo. J. M., 371 Elm, Hartford } 


Brainin Coe.. C. &.. 
vi 


Popper Pe J. §S., 222-19th, Union 
Stackpole Carbon Co., St. Marys, Pa. 


CONTACTS, CARBON. 
Graphite. 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J. 


CONTAINERS, PACKAGING and SHIP. 
PING. See also Boxes and Crates, 
Wirebound. 


Gair Co., Inc., Robt., 155 E. 44th, New 
York 17, N. Y. 
Gaylord Container Corp., St. Louis 2 


Hinde & Dauch, 5001 Decatur, RE 
Ohio. 


See Carbon @ 


CONTRACT MANUFACTURING 


Ateines Goods Mfg. Co., Manitowos, 
vis. 
Geuder, Paeschke & Frey Co., 1525 W. 


St. Paul Ave., Milwaukee 38, Wis. 
Popper, inc., J. 8S., 222 Nineteenth, 
Union City, N. J. 
Reynolds Metals Co., 2055 So 
Ninth, 


Parts Div., 
Louisville 1, 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Allis-Chalmers M‘%g. Co., 937A 8. 7 
Milwaukee 1, Wis. 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorn, Hartford 6, Conn. 

Electro Switch Corp., 167 King Ave., 
Weymouth 88, Mass, 

General Electric Co., 
Schenectady 5, N. Y. 

Raytheon Mfg. Co., Dept. 6460EM, Wal- 
tham 54, Mass. 

Russell & Stoll On, Inc., 125 Barelay, 
New York 7, N. Y. 

Square D Co., 4041 N. Richards, Milwav- 
kee 12, Wis. 

Ward Leonard Electric Co., 34 South 
Mt. Vernon, N. Y. 


Apparatus Dept., 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches. 


CONTROLS, PHOTOELECTRIC. Se 
Photoelectric Cells and Tubes. 


CONTROLS, PRESSURE and TEMPER- 
ATURE. See also Relays, Switches 
Thermostats. 

Allen-Bradley Co., 1816 8. Second, Mil- 
waukee 4, Wis. 

Barber-Colman Co., Rockford, Ml. 

Bristol Co., 153 Bristol Rd., Waterbury 


20. Conn. 
Fenwal, Inc., 112 Pleasant, Ashland, Mass. 
Apparatus Dept.. 


General Kicctri Co., 
Hart Mfg. Co., 211 Bartholomew Ave. 


Hartford 1, nn. 
Mercoid Corp., 4227 W. Belmont Ave.. 
Chicago 41, 


Minneapolis- Honeywell Regulator Co., In- 
dustrial Division, 4466 Wayne Ave. 
Philadelphia 44, Pa. 

Robertshaw Thermostat Div., Robertshaw- 
Fulton Controls Co., Youngwood, Pa. 
Spencer Thermostat Div. of Metals & Con- 
trols Corp., 112 Forest, Attleboro, Mass. 
Square D Co., 4041 N. Bichards, Milwau- 

kee 12. Wis. 

TAGliabue Instruments Div., Weston Elec- 
trical Instrument Corp., ~“ Freling- 
huysen Ave., Newark 5, N. J. 


CONTROLS, REMOTE, > Push Buttos 
Stations; Relays Contactors, 
Switches. 


ELECTRICAL MANUFACTURING 
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Y MMMM 

7 j A fastener AIN'T, if — 

mM ] it works loose. 

' Y 

7 ] th e “FLEXLOC” IS— 

é yj because it won’t! 

| Im 

‘ WWMMM/|!q/@V_!V!vMM I 
FLEJALOC 

7 ONE-PIECE, ALL-METAL 
” STOP- and LOCK-NUT 
5, Its “chuck-like," resilient locking segments lock the 


: “FLEXLOC" securely in any position on a threaded 
) member with a controlled, uniform and dependable 
Is torque. 

Tough applications demonstrate that the '"FLEXLOC" 
positively "won't work loose", yet it can be removed 
easily with a wrench when desired. Because it is all- 
metal, temperatures as high as 550°F. hold no terrors 
for the "FLEXLOC." 

The "FLEXLOC" has plenty of tensile... can be re-used 
many times ... has therefore a long, effective life. 


Write for Seti information and free samples. 


STANDARD PRESSED STEEL CO. 


JENKINTOWN y, PENNSYLVANIA 









6 2. Years Ago KQOH-I-NOOR 
made the FIRST Drawing Pencil . . . 
in 17 DEGREES, 6B to 9H. Since that 
time no other pencils have approach- 


ed Koh-I-Noor’s Record for Unfail- 
ing Uniform Performance. 

















No Matter What Your Requirements.. 
you will find a KOH-I-NOOR 
Product to satisfy you completely 






NOW 


Available... 


#1600 KOH-I-NOOR 
Polycolor Pencils 
with IMPORTED Leads 


in 6 T colors 


DRAWING PENCILS 
COPYING PENCILS 
WRITING PENCILS 
CHECKING PENCILS 
COLORED PENCILS 
OFFICE PENCILS 
ART PENCILS 
HOLDERS | oo 
PENHOLDERS 











ERASERS 


The RIGHT pencil for the RIGHT job 





DECEMBER 1950 








You can depend on Lewis for 
your spring needs — whether job- 
designed or made to specification— 
for Lewis has the experience, facilities 
and know-how essential to designing 
and manufacturing practical springs 
and wireforms at practical prices. 
Highly efficient methods and tech- 
niques of manufacturing developed 
by Lewis permit economical, high 
production. 

Lewis Engineers, long experienced 
in spring design and application, can 
help you select the right springs for 
the job—springs that past experience 
has proved most economical and 
efficient for the exact use. Quality is 
essential but ‘‘fancy extras” that don’t 
contribute to product efficiency of 
Operation are not considered. 

Lewis Spring Engineers welcome 
the opportunity to discuss your spring 
or wireform requirements without 
obligation. Call or write today. 


LEWIS SPRING & MANUFACTURING CO. 
Chicago 47, Ill. 


2646 W. North Ave. 









9 
LZ 


PRECISION 


SPRINGS 


THE FINEST LIGHT SPRINGS AND WIREFORMS 
OF EVERY TYPE AND MATERIAL 
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Sp \ticate Molded Bases by 


HN: JACOB 


on Crablok Terminal Strips for 
BURNDY 


Little skill is required to make 

quick connections and disconnections 
of the wire leads of this Crablok 
Terminal Strip. 


However, 2 great deal of Tooling 
Skill was required to build a mold, 
which would produce such a compact 
and sturdy molded unit permitting 
multiple connections in a minimum of 
space. 


If, in your product, you have a plastic 
part that requires close-tolerances 

for smooth and efficient operation, 
then contact K & J and take 
advantage of their 28 years of 

Plastic Molding experience. 


i 1979 


Kuhn & Jacob 


MOLDING a77 TOOL TCO. 
1204 SOUTHARD STREET, TRENTON ee 
Telephone Trenton 4-5391 


CONTACT THE 


K& J 


REPRESENTATIVE 
NEAREST YOU 


a———————e—e—e—e————>—== 
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S$. C. Uliman, 55 W. 42nd St., New York, N.Y. 
Telephone — Penn 6-0346 


Wm. T. Wyler, Box 126, Stratford, Conn. 
Telephone — Bridgeport 7-4293 


Wm. A. Chalverus, 2606 N. Fifth St. 
Philadelphia, Penna. 
Telephone — GArfield 3-3322 


| CORD, 





CONVEYORS, Straight Line 


Potdevin Machine Co., 1278 38h, Brooklyn 
18, N. ¥. 


COPPER. See Brass, Bronze and Copper. 
COPPER, BERYLLIUM. See Beryllium 
Copper. 


CORD and TWINE, ARMATURE and 
coIL 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Mica Insulator Co., Schenectady 1, N. Y. 

Mitchell-Rand Insulation Co., Ine., 51 
Murray, New York 7, N. Y. 

Varfiex Corp., 309 N. Jay, Rome, N. Y. 

Westinghouse Electric Corp., P. 0. Box 
868, Pittsburgh 30, Pa. 


INSULATED. 
Cable, Insulated 


CORD, RESISTANCE LINE. See Be- 
sistance Line Cords. 


CORD SETS 


Alden Products Co., 117 North Main, 
Brockton 64EM, Mass. 
Co., 4633 W. Van Buren, 


15 Park Row, 


ze 
Electric Auto-Lite Co., Toledo 1, Ohio. 
Essex Wire Corp., Monticello, © Ind. 
General Electric Co., oe Mate- 
Bridgeport 2 Conn. 
Mines Equipment Div., 
md W. Oliver Bldg., Pittsburgh 22, 


Bee Wire and 


| Phalo Etastics s Cup. Commercial & Fos 


ter, Mass 
v8. iat Rubber Cs., Rockefeller Center, New 
wails” Hisetrie Corp., P. 0. Box 
868, Pittsburgh 30, Pa. 


CORES, POWDERED IRON. See Pow- 
dered Metal Products. 


CORES, REFRACTORY. See Ceramics. 
CORES, TRANSFORMER 
Aap ~~ Corp., 3512 Water, 


Westinghouse Electric Corp., P. ©. Box 
868, Pittsburgh 30, Pa. 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 9512 Arch, Lancas- 
ter, Pa. 


COUNTERS 
Bristol Co., 

20, Conn. 
~~ Signal Corp., 


Cuba, 


158 Bristol Bd., Waterbury 
202 20th, Moline 1, 


Streeter-Amet Co., 4101 No. Ravenswood 
Ave., Chicago 18, Til. 
Veeder-Root, Inc., Hartford 2, Ccan. 


COUPLINGS, FLEXIBLE 
Lord Mfg. Co., Erie, Pa. (Bonded Rub- 


ber) 
Sier-Bath Gear & Pump Co., Inc., 9244 
Hudson Blivd., North Bergen, N. J. 
Twin Dise Clutch Co., Racine, Wis. 
Westinghouse Electric Corp., P. 0. 
868, Pittsburgh 80, Pa. 


DIAL LIGHT ASSEMBLIES. See Lights, 
Pilot & Indicator. 


DIALS, PANEL and INSTRUMENT 


Etching Co. of America, 1520 Montana, 
Dept. E-11, Chicago 14, Il. 
Mica Insulator Co., Schenectady 1, N. Y. 


DIE CASTINGS. See Castings, Die. 


DIE CASTING MACHINES 


Kux Machine Co., 3842 W. Harrison &t., 
Chieago 24, 


DIELECTRIC HEATING UNITS. See 
High-Frequency Heating Units. 


DRAFTING EQUIPMENT and 
MATERIALS 


Bruning Co., as ete, 120 Reade, 
New York N. 

Eastman Rodak Co., catiaee a ae 4 

Keuffel & Esser Co., Hoboken, N. J. 


DRILLS, AIR FEED 
Keller Tool Co., Grand Haven, Mich. 


DRIVES, ELECTRONIC 


General Electric ps ¢ Apparatus Dept., 
Schenectady 5, N. 

Raytheon Mfg. Co., 7 6460EM, Wal- 
tham 54, Mass. 

Reliance Electric & Engineering Co., 1054 
I Rd., Cleveland 10, Fo “ae 
> 3 


Boz 


vanhoe 
Westinghouse Electric Corp., P. 
868, Pittsburgh 30, Pa. 
DRIVES, FLUID POWER 
Twin Disc Clutch Co., Racine, Wis. 
DRIVES, V-BELT 
Allis-Chalmers Mfg. Co., 987A &. 18. 
Milwaukee 1, Wis. 
Gerbing Mtg. Corp. 50- J West Washing- 


Ivd., 
Maurey Menafectering Corp., 2912 8 


Wabash Ave., Chicago 16, Ill. 


ELECTRICAL SHEETS. See Steel, Elec- 
trical. 


ELECTRONIC COMPONENTS. See Spe 
cific headings. 


ENAMELING SHEETS. See Steel, Com- 
mercial Forms & Grades. 


ENAMELS. See Lacquer, 
Varnishes, Finishing. 


Enamels & 


EXPRESS SERVICES 

Air Express Div., Railway Express 
Agency, Dept. 26, 230 Park Ave., New 
York 17, N. Y. 


EYELETS & GROMMETS 
American Brass Co., Waterbury Brass 
Branch, Waterbury 20, Conn 
Stimpson Co., Inc., Edwin B., 423 Park 
Ave., Brooklyn 5, N. Y. 


FABRICS, ELECTRICALLY CONDUO.- 
TIVE 


Minnesota Mining & Mfg. Co., St. 
6, Minn. 


FABRICS, 
Tapes) 

Glass-Fiber, 
Linen, Silk, etc. 
Sleeving, Braided Fabrics; 
Sheeting, Synthetic Resin) 


Bentley-Harris Mfg. Co., 
Conshoh Pa. 


Paul 


INSULATING (Sheets and 


Varnished Cambric, Cotton, 
(See also Tubing ate 
Tape and 


Celanese Corp. of America, Plastics Div,, 
Dept. SL, 10 Madison Ave., New York 


16, N. ° 

General Electric Co., Chemical Dept 
8-11, 1 Plastics Ave., Pittsfield, Mass. 

Glass Fibers Inc., Waterville, Ohio (Yara) 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 

Irvington —— & Insulator Co., Irving- 
ton 11, N. 

Johns- “‘Manviile, Box 290, New York 16, 
N. 

Mica Insulator Co., Schenectady 1, N. ¥ 

Minnesota Mining & Mfg. Co., St. Paul 6, 


Inc., 51 


Dept. 


Minn. 
Mitchell-Rand Insulation Co., 
Murray, New York 7, N. Y. 
National Electric Coil Co., Columbus 16, 
Ohio. 

National Varnished Products Corp., 20? 
Randolph Ave. W,oodbridge, N. J. 
New Jersey Wood Finishing Co., Ele 
extent Insulation Dept., aa 


J. 
onan Corning Fiberglas Corp., 
Products Div., Dept. 866, 16 E. ten 


St., New York 22, N. Y. 

Van Cleef Bros., Inc., 7800 Woodlawn 
Ave., Chicago 19, Ill. 

Varfiex Corp., 309 N. Jay, Rome, N. ¥ 

Westinghouse Electric Corp., P. O. Bor 
868, Pittsburgh 80. Ps. 


FANS & BLOWERS 
Emerson Electric & Mfg. Co., St. Louis 


Inc., 100 Augusta 
“685 Lawrence, Low- 


1, Mo. 
Fasco Industries, 
Rochester 2, N. 


Heinze E fectric Co., 


ell, 
Robbins & Myers, Inc., Motor Div., Dept. 
C-120, Springfield 99, Ohio. 


FASTENERS. (Bolts & Nuts; Pins; Riv- 
ets; Screws; Washers.) 


Bolts and Nuts 
Machine Bette, and Nuts (A) 
Nw 
Sheet Metal, Lock Spring Assembly Nuts 


(D) 
Screw Thread Inserts (E) 
Headed and Rolled Thread P: 
Studs, ete. (Cold Upset) (F) 
Spade Bolts (8) 


Allmetal Screw Products Co., Inc., 88 
Greene, New York 13, N. Y. (A) 

Aluminum oo, S_ Seeattee. — Gulf 

, Pittsbur 1 a. 

sie on Co. Willimantic, Conn. 
(BF), (Cold Headed Screws) 

Anti-Corrosive Metal Prodasts o, on 
Castleton-on-Hudsor, N. A) 

Blake & Johnson Co., Waserviile ” Cons. 

Burndy Engineering "Co., Inc., New York 
54, N. Y. 

Chase Brass 2 Coos Co., 
250, Waterbury onn. 

Clark Bros. Bolt Co., Milldale, Comm 
(ABF) 

Elastic one 3 Nut Corp. of America, 2390 
Vauxhall Rd., Union, N. J. (ACDE) 

Elco Tool & Screw a 1916 Broadway, 


Rockford, lll. (ABF 

Harper Co., H. M., ‘e204 Lehigh Ave., 
Morton Grove, Tl. (ABC) 

Keystone Bolt & Nut er. 127 Chureb, 
New York 7, N. 

Lamson & Sessions Co., 1971 W. 85th, 


Cleveland 2, Ohio (ABCDF) 
Palnut Ce., 66 Cordier, Irvington 11, N. J. 


(C) 

Parker-Kalon Cerp., 200 Varick, New 
York 14. N. ¥. (AB) 

Pheoll Mfg., Co., 5700 Roosevelt Rd. 
Chicago 50, Tl. Cc 

Progressive Mfg. Co., 
rington, Conn. (ABF) 

Russell, Burdsall & Ward Bolt & Nat 
Co., Port Chester, N. Y. (AB) 

Scovill Mfg. Co., Waterville 14, Con. 


(F) 

Shakeproof, Inc., 2501 N. Keeler Ave. 
Chicago 39, Ill. (D) 

Standard Pressed Steel Co., Box 594, 
Jenkintown, Pa. (A) 

Sterling Bolt Co., 4688 W. Lake, Chi- 
cago 44, Til. 
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Count On Kirkwood For All 
Your Commutator Needs 


Kirkwood steel core and molded core 
commutators are precision made = 
assure faster assembly, longer life 
and trouble-free service. 


They are designed to withstand 

extreme variations in vibration, heat 

and speed, and are made ina wide 
a“ 

range of sizes from 9/32” to 36 

in diameter. 


Over 1000 sizes are available from 
coast to coast for immediate delivery. 
Or your maintenance department can 
send us your old commutator cores 
for refill. 

Write for our complete catalog, or 
send us your prints for estimates on 
production quantities. 


Gm AA ae ce 
OVER TEN MILLION NOW 


IN USE 
1345 CARNEGIE AVENUE 


Oe FG 
sd eo Bee eee a 


FCM Call et 


imate SYNCHROS 
@Riin 


e Proved Precision 
Accuracy 


e Meet Government JArf . WICKWIRE 
Specifications | Ee 

e Corrosion Resistance re 

e Fungus Resistance 


e Available in wide 
WRITE FOR NEW =" of < i “a ae Write for free copy of our booklet, S-500, 
TELESYN BROCHURE - 


at entitled “Springs and Formed Wires.” 


WICKWIRE SPRINGS 


A N D eee ce ae ee ae ee Be ee 





We make all types of springs and formed 
wires in all sizes, shapes and designs for 
any use in the electrical field. 


Division of the Sperry Corporation 


PRODUCT OF WICKWIRE SPENCER STEEL DIVISION * THE COLORADO FUEL & IRON CORPORATION 
31-10 Thomson Avenue | Spring Soles Office and Plant—2 New Bond Street, Worcester 6, Mass. 
s Executive Office—500 Fifth Avenue, New York 18, N. Y. 
Long Island City 1, N.Y 


Soles Offices—Atianta «+ Boston « Buffalo « Chicago « Denver « Detroit « New York « Philadelphia 
Pacific Coast—The California Wire Cloth Corp., Oakland 6, California 
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To Qrercome Your Problems 


due fo: SILICON VAPORS * RADIO INTERFERENCE 





ai 


HIGH ALTITUDE OPERATION ¢ EXCESSIVE 
CURRENT DENSITY ¢ HIGH PERIPHERAL 
SPEEDS + EXCESSIVE ARMATURE REACTION 


You say (and we agree), ‘But our problem is 
different’’. Every electrical problem is different. 
Our service to you is based upon a recogni- 
tion of that fact. Therefore we study your 
particular problem until we arrive at the one 
best answer. No obligation, sir, but please 
give us all the details the first time. 


Write for Bulletin M-12. 


SUPERIOR CARBON PRODUCTS, Inc. 
9114 GEORGE AVENUE, CLEVELAND 5, OHIO 


CARBON 
BRUSHES 


Be: 


ELECTRICALLY 
ATED PRODUCTS 
YUIPMENT WITH 


LINK ELEMENTS 


CORROSION - RESISTANT IMMERSION HEATERS 
Write Dept. E for Literature 


ELECTRO-THERM INC. 





8024 GEORGIA AVE., SILVER SPRING, MD. 











Stimpson Co., Inc., Edwin B., 423 Park 
Ave., Brooklyn 5, N. Y. 

Tinnerman Products, Inc., 2040 Fulton 
Road, Cleveland 13, Ohio. (D) 

Thompson-Bremer Mfg. Co., 1640 W. 
Hubbard, Chicago 22, Ill. (C) 

Wenco Mfg. Co., 1136 West Hubbard, 

Chicago 22, Ill (8) 


Pins—Cotter (F); Locking and Taper (9° 


Allmetal Screw Products Co., Inc., 8% 
Greene, New York 13, N. Y. (F) 

Anti-Corrosive Metal Products Co., Inc., 
Castleton-on Hudsun, N. Y. (F) 

Chase Brass & Copper Co., 
20, Conn. (F) 

Elastic swp Nut Corp. of America, 2330 
Vauxhall Rd., Union, N. J. 

Lamson & Sessions co., 1971 W. 85th, 
Cleveland 2, Ohio. (F) 

Sterling Bolt Co., 4633 W. Lake, Chi- 
cago 44, Ill. 


Waterbury 


Pre-Assembied Washers and Screws 


American Screw Co., Willimantic, Conn. 

bico Tool & screw Corp., 1916 Bruau- 
way, Kockford, Il. 

Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, Qhio. 

Russell, Burdsali & Ward Bolt & Nut Co., 
Port Chester, N. Y. 

Scovill Mfg. Co., Waterville 14, Conn. 

Shakeproof, Inc., 2501 N. Keeler Ave., 
Chicago 39, IIL 


Stimpson Co., Inc., Edwin B., 423 Park 
Ave., Brooklyn 5, N. Y. 


Recessed Head Serews 

Alden Products Co, 117 North Main, 
Brockton 64EM, > 

Allmetal Screw Progucts Co., Inc., 383 
Greene, New York 13, N. Y. 

American Screw Co., Willimantic, Conn. 

Blake & Johnsen Co., Waterville, Conn. 

Camear Screw & Mfg. Corp., Rockfold, IIL. 

Central Screw Co., Chicago, Ill, 

Chase Brass & Copper Co., Dept. EM 
260, Waterbury 20, Conn. 

Elco Tool & Screw VUorp., 1916 Broadway, 
Rockford, 11. 

Great Lakes Screw Corp., 

Harper Co., H. M., 
Morton Grove, Ill. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. 

Lamson & Sessiuns Uo., 1971 W. 85th, 

Rockford, Ill. 


Cleveland 2, Ohio. 

National Lock Co., 

Parker-Kuion Corp., zvv Varck, New 
York 14, N. ¥ 

Pheoit Mfxg., Co., 5700 Roosevelt Rd., 
Chicago 50, b 

ee Screw Products Co., 
ll. 

Russell, Burdsall & Ward Bolt & Nut 
Co., Port Chester, N. Y. 

Screw Research Association, The, 706 
Union Trust Bldg., Providence 3, Ohio, 

Scovill Mtg. Co., Waterville 14, Conn. 

Shakeproof, Inc., 2501 N. Keeler Ave., 
Chicago 39, IIL. 
Southington Hardware Mfg. Co., 
ington, Conn. 
Bterling Bolt Co., 4638 W. Lake, Chi- 
cago 44, Ill. 

Stimpson Co., Inc., Edwin B., 428 Park 
Ave.. Brooklyn 5, N. Y. 

Wales-Beech Corp., Rockford, Ill. 


Chicago, Ill. 
3204 Lehigh Ave., 


Rockford, 


South- 


Rivets 


Allmetal Screw Products Co., Inc. 88 
Greene, New York 13 N. Y. 

Aluminum Co. of America, 2142M Gulf 
Bidg., Pittsburgh 19, Pa. 

Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y. 

Blake & Johnson Co., Waterville 14, Conn. 

oa Brass & Copper Co., Waterbury 


Conn 

Chicago Rivet & Machine Co., 9609 W. 
Jackson Blvd., Bellwood, Ill. 

Clark Bros. Bolt Co., Milldale, Ome. 

du_ Pont de Nemours & Co., Inc., c 
Explosives Dept., Wilmington és” Del: 

Gries Reproducer Corp., 108 Willow Ave., 
New York 54, N. Y. 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. 

Hassall Inc., John, 402 Oakland, Brook- 
pe 2, WN. Y. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. 


Progressive Mfg. Co., 44 Norwood, Tor- 


‘Burdsall & Ward Bolt & Nut 
Co., Port Chester, N. Y. 
Sterling — Co., 4638 W. Lake, Chi- 


cago 44, I 

Stimpson Co., Ine., oe B., 423 Park 
Ave., Brooklyn 5, = 

Serews—Cap and Set, Machine (H): 
Self- "Tapping (J) 

Allied Products Corp., Dept. B-3, 12648 
Burt Rd., Detroit 23, Mich. 

Allmetal Screw Products Co., Ine., 88 


Greene, New York 18. N. Y. (H) 
Aluminum Co. of “oo. 2142M Gulf 
Bidg., Pittsburgh 19. Pa. 
sc Screw Co., Willimantic, Conn 


( 
Anti-Corrosive Metal Products oC, Ine. 
Castleton-on-Hudson, N. Y. (H) 
a. = Johnson Co., Waterville tn Conn, 


Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn 

Chase Brass & Copper Co., Dept. EM 
250, Waterbury 20. Conn (H) 


Clark Bros. Bolt Co., Milldale, Conn. (H) 
Elco Tool & Screw Corp., 1916 Broadway, 


Rockford, Ill (HJ) 
Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, (J) 





Hassall Inc., John, 402 Oakland, Brook. 
lyn 22, N. Y. (H) 


Keystone Bolt & Nut Corp., 127 Chure 
New York 7, ee 
Lamson & Sessions Co., 1971 W. Sin 


Cleveland 2, Ohio. . 
Parker-Kalon Corp., 200 Varick, New 
Yore 14, N. x. (eld, 
Pheow Mfg., Co., 5700 Roosevelt Ru 
Chicago 50, Ill. (HJ) 
Progressive Mfg. Co., 44 Norwood, Tor- 
rington, Conn. (Hi, 
Russell, Burdsall & Ward Bolt & Nut 
Co. Port Chester, N 
Scovill Mfg. Co., Waterville 14, Conn, 
HJ 


( 
Shakeproof Inc., 2501 N. 
Chicago sy Ill (Hh) 
Standard Pressed Steel Co., 
kintown, ta. (H) 

Sterling a oo 4638 W. 
cago 44, lll. (HJ) 

Stimpson Co., Inc., Edwin B., 
Ave., Brooklyn 3, N. 1X. 


Keeler Ave, 
Box 594, Jen- 
Lake, Chi- 
423 Park 


Washers—Flat (K); Lock and Spring (L) 


Allmetal Screw Products Co., Inc., 33 
Greene, New York 13, N. x. (hy) 

Anti-Corrosive Metal Products Co., Ine, 
Castleton-on-Hudson, N. i) 

Associated Spring Corp., Conn, 
(KL) 

Barnes Co., Wallace, Bristol, Conn. (KL) 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp., 6400 Miller Ave., Detroit 
11, Mich. 

Blake & Johnson Co., Waterville 14, Conn, 

Chase Brass & Copper Co., Dept. EM 
250, Waterbury Zu, vin (Me 

Clark Bros. Bolt Co., Milldale, Conn, (H) 

Dunbar Bros. Co. Div., Associated Spring 
Corp., Bristo:, Com 

Garrett Co., Inc., George K., Tioga & D, 
Philadelphia 44, Pa. (KL) 

Gibson Co., William D., Div., Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 14, Ill. (KL) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ili. (Li) 

Keystone Bolt & Nut Corp., 127 
New York 7, N 

Lamson & Sessions ‘Co.. 
Cleveland 2, Ohio. (KL) 

Ohio Div., Associated Spring Corp., 1712 
East First St., Dayton, Ohio (KL) 

Palnut Co., 66 Cordier, Irvington 11, N. J. 


Bristol, 


Chureh, 
1971 W. 85th 


(L) 
Raymond Mfg. Co., 
Spring Corp., Corr) 4 , 
Shaxeproof, Inc., 2501 Keeler Ave., Chi- 
cago 39, Il. (L) 
Steriing Bolt Co., 
cago 44, Ill. 


Div., Associated 


4638 W. Lake, Chi- 


Stimpson Co., Inc., Edwin B., 423 Park 
Ave., Brovklyn 6, N. X. 

Thompson-Bremer Mfg. Co., 1640 W. 
Hubbard, Chicago zz Ill, (KL) 

FELT 

American Felt Co., 16 Glenville Rd, 


Glenville, Conn. 


Felt Products Mfg. Co., 1536 Carroll 
Ave., Chicago 7, ill. 
Western Felt Works, 4035-4117 Odgen 


Ave., Chicago 23, ill. 


FIBRE, PHENOLIC. See Plastics, Lami- 
nated. 


FIBRE, VULCANIZED. 
Rod, Tubing) 


Copsinaatet-Stamend Fibre Co., 
. Del. 
Insulation-Manufacturers 
Washington Biva.. 
Mitchell-Rand 
Murray, New York 
National Vulcanized Fibre’ Co., 
ton $9. Del. 
Taylor Fibre Co., Dept. 
town, Pa. 
Pulp & 


West Virginia 
Park Ave., New York, 


(Board, Sheet, 


Newark 
Corp., 565 W. 
Cnisage 6, lu 

es i Inc., 51 
Wilming- 
EM11, 


Paper Co., 230 
nm. 2. 


FILTER ELEMENTS, POWDERED 
METAL 


Norris- 


Amplex Mfg. Co., Div. of Chrysler Corp., 
6501 Harper, Detroit 81, ch. 
Bound Brook Oil-Less Bearing Co., Bound 


rook, N. J. 
Moraine Products Div. of General Motors, 
Dayton, Ohio. 


FILTERS, RADIO INTERFERENCE 


Aerovox Corp.- New Bedferd. Mass 

Federal Telephone and Radio Corp., 100 
Kingsland Rd., Clifton. 

General Electric Co., Apparatus Dept., 
Schenectady 5, N. 

Mallory & Co., Inc., P. R., 
6, Ind. 

Sprague Electric Co., 


Indianapolis 
North Adams, Mass. 


FINISHES, PRODUCT. See 
Enamels & Varnisnes. 


FLUORESCENT LAMP AUXILIARIES. 
For Resistors, see Resistors, Instrument 
& Radio; also Capacitors. 


Acme Electric Corp., 3512 Water, Cuba. 
ee 


Aerovox Corp., New Bedford, Mass. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorn, Hartford 6, Conn. 

Chicago Transformer Corp., 3501 W. Addi- 


Lacquer, 


son, Chicago 18, IIl. 
Davis & Co., Dean W., 1006 First, Kent- 
land, Ind. 


General Electric Co., Construction Mate- 


rials Dept., Bridgeport 2, Conn. 
Kulka Electric Mfg. Co., Dept. T, 30 
South, Mt. Vernon, N. Y. 


Miller-Smith Corp., Trenton, N. J. 

Sprague Electric Co., North Adams, Mass. 

Westinghouse Electric Corp., P. O. Bor 
868, Pittsburgh 30, Pa. 


FOOT SWITCHES. See Switches. 
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a hoarder? 


Are you unhappy because your stockrooms and 
stockshelves are piled high with old printed tickets, 
tags, labels, or other production control material 
you'll never use? Are you paying printers’ premium 
prices, putting up with delays—only to have 
unexpected changes in variable data make your 
inventory of imprinted material obsolete? 


You don’t have to be a stockroom hoarder. With a 
Markem IMPRIMA, right on your own premises, you 
can imprint exactly the quantity you need, precisely 
when you need it. Any employee can run either the 
hand or motor-driven model, obtaining professional 
results. The versatile design of the IMPRIMA 
permits type changing in seconds. And —best of all 
—the IMPRIMA is a sturdy, low-cost machine! 


End your stockroom hoarding now. 
Find out about the IMPRIMA. Your request will 
bring a copy of our latest IMPRIMA fact folder. 


MARKEM MACHINE COMPANY 
Keene 17, N. H. 


“It costs less with an Imprima” 


STEINEN SERVICE 


Includes 
V Design & Engineering 
Cooperation 
V Precision Workmanship 


V Extremely Close 
Tolerances 


V — —— 
s ere Require 
Specify STEINEN V Modern Inspection 


e SCREW MACHINE PRODUCTS Control 
e STAMPING e@ ASSEMBLIES 


W. F. STEINEN CO. 
69 N.J.R.R. AVE. NEWARK 5, N. J. 


MArket 2-5747 


MAMCO 


ELECTRIC 
MOTORS 














More than one quarter of a million 
MAMCO built fractional horse power 
motors are being used _ through- 
out the country in practical applica- 
tions. Our experienced engineers will 
build motors to your specifications or advise the stock 
unit necessary for your product. Up to 1/15 HP only. 
Universal or shunt wound. Guaranteed quality and 
workmanship. Write today. 


ZU dec 
V/A oie RACINE, WISCONSIN 
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AU ways light and always right 


Products made with 


LAMINAC® Laminating Resins 


Here’s what LAMINAC Resins can put into products 


by way of special performance features: 


STRENGTH AND LIGHT... Commercial signs made 
with LAMINAC Resins are so translucent that one 
electric bulb illuminates them brilliantly. Because of 
LAMINAC'S superior strength, the seller fully guar- 


antees them against breakage under normal use. 


LIGHTNESS AND STRENGTH... Five times lighter 
than one made of iron, and 35,000 times as large 
as a baseball, the new Westinghouse photometer 
meets all requirements for strength, ease of handling 


and maintaining, ease and economy of production. 


STAMINA AND LIGHTING... Street lamp re- 
flectors shed light on the toughness and durability 
of LAMINAC Resins. They offer all kinds of re- 
sistance to all kinds of weather, corrosion, and 


small-boy mischief. 


AMERICAN Cyanamid COMPANY 


PLASTICS DEPARTMENT 
35 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 


In Canada: North American Cyanamid Limited, Royal Bank Building, 
Toronto, Ontario, Canada 
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ONSTANT RESETTing ot CTORS 
ES 


“‘NOFLAME-COR” 


the HEAT-RESISTANT lead wire 


90". 00. 


Growing in use and importance among manu- 
facturers of Vacuum Cleaners, Refrigerators, 
Electric Fans, Business and Scientific apparatus. 
Prove to your own satisfaction the over-all effi- 
ciency of ““NOFLAME-COR” in applications where 
ability to resist heat is a vital consideration. 
Available in all sizes, solid or stranded. Over 
200 color combinations. Engineering data and — 
samples sent upon réquest on your letterhead. 


PRODUCTION ENGINEERS: Specify 
“N@FLAME-COR” for absolute uniformity 
of diameter, permitting clean stripping of 
insulation without damage to the copper 
conductor... 

NO NICKING OF CONDUCTORS 


NO CONSTANT RESETTING OF BLADES 


APPROVED BY 
UNDERWRITERS 
LABORATORIES AT 


AVOID LOSSES FROM 
““BLOBBING** 
Not being an extruded plastic, 
eliminates the costly “blobbing” of 
insulations under soldering heat 


° Flame Resistant. * High Insulation Resistance 


* Heat Resistant  ° Facilitates Positive Soldering 


© High Dielectric Pe SMG) ur: 


* Also unaffected by the heat of impregnation — 
therefore, ideal for coil and transformer leads 


Rata CCU eke a 


“made by engineers for engineers” 


CORNISH WIRE COMPANY, inc. 


605 North Mi in Avenue, Public Ledger Bidg., 
—— CU eee | 6 ee 


EUs tenia 


OF QUALITY WiRt AND CABLE FOR THE EtLECTRICA AND ELECTRONIC INDUSTRIES 





FORGINGS 


Aluminum Co. of America, 2142M Gulf 
Bldg., Pittsburgh 19, Pa. (Aluminum 
American Brass Vo., Waterbury #8, Conn 
Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (Non 
ferrous) 


rot HOLDERS, MOUNTINGS and 
CLIPS 


Alden Products Co., 117 
Brockton 64EM, Mass. 
Burndy Engineering Co., Inc., New York 
“, NM. X. 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, III. 

Ilsco Copper Tube & Products, Inc., Cin 
cinnati 27, Ohio. 

Jones Div., Howard B., Cinch Mfg. Corp. 
Chicago 24, Ill. 

Raytheon Mfg. Co., Dept. 6460EM, Wal- 
tham 54, Mass. 


North Main, 


FUSES 


Burndy Engineering Co., Inc. New York 
54, N. Y 

General Electric Co., 

Schenectady 5. N. Y. 
Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 80, Pa. 


Apparatus Dept.. 


GAGES, TEMPERATURE and VACUUM 


Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 

Eleetrie Auto-Lite Co. Toledo 1. Ohio 

Stokes Machine Co., F. J., 5996 Tabor 
Rd Philadelphia 20, Pa 

TAGliabue Instrument Div., Weston Elec- 
trical Instrument Corp., 582 Freling- 
huysen Ave., Newark 5, N. J. 


GALVANOMETERS. See Instruments 


GASKETS 


Armstrong Cork Co., 9512 Arch, Lancas- 
ter, Pa. (Cork and Rubber Composi- 
tions.) 

Felt Products Mfg. Co., 1536 Carroll 
Ave.. Chicage 7. Ill 

Garlock Packing Co., Palmyra, N. Y. 

Johns-Manville, Box 290, New York 16, 

CU. 8S. Rubber Co., Rockefeller Center 
New York 20, N. Y¥ 


GEARMOTORS. See Motors. 


GEARS and PINIONS, METAL 


Amplex Mfg. Co., Div. of Chrysler Corp.. 
6501 Harper. Detroit 31, Mich 
Beaver Gear Works, Inc., 1035 Parmele, 
Rockford, Tl 
Gear Specialties. 2635 W. 
Chicago 47, Tl 
Gries Reproducer Corp., 
New York 54. N. Y¥ 
Moraine Products Div 
Dayton, Ohio 
Ohio Gear Co., 
10, Ohio. 
Shakeproof, Inc., 2501 N. 
Chicago 39, Ill. 
Sier-Bath Gear & Pump Co., 
son Blvd., North Bergen, N. J 
Westinghouse Electric Corp., P. O. Box 
868 Pittsburgh 30 Pa 
Winzeler Mfg. & Tool Co 1716 West 
Arcade Pl., Chicago 12, Il 


Medill Ave 

108 Willow Ave., 

of General Motors, 

1358 E. 179, Cleveland 

Keeler Ave., 

9244 Hud- 
J 


GEARS and PINIONS, NON-METAL- 
LIC. See Fibre. Vulcanized; Plastics. 


GENERATORS. See Motors. 


GLASS-BONDED MICA 


General Electric Co., Chemical Dept.. 
8-11, 1 Plastics Ave., Pittsfield, Mass. 
National Electric Coil Co., Columbus 16 
Ohio 


GLASS-FIBER. YARNS. CLOTH and 
TAPE. See Fabrics, Insulating. 
GLASS-SEALING ALLOYS 

Stupakoff Ceramic & Mfg. Co., Latrobe, 
Pa. 


GLASS, TECHNICAL 

Corning Glass Works, Dept 
ing, N a 

Kopp Glass, Inc., 


EM-12, Corn 


Swissvale, Pa. 


GOLD, ROLLED (Plate and Wire). 
Baker & Co., Inc., 113 Astor, Newark 5. 
N. J 


General Plate Div., Metals & Controls 
Corp., 412 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 

a % # 
Makepeace Co., D. E. Att!eboro, Mass. 
Ney Co., J. M 371 Elm, Hartford 1, 
Conn 


GRAPHITE. See Carbon and Graphite 
GREASE, BEARING 


Norma-Hoffmann Bearing Corp., 
Conn. 


Stamford, 


GRIPS and CLAMPS, STRAIN RELIEF 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Walker Co., George, 118 Amsterdam 
Ave., Passaic, N. J. 


HARNESS and ASSEMBLIES, WIRE 


Alden Products Co., 117 North Main, 
Brockton 64EM, Mass. 
Belden Mfg. Co,, 4633 W 

Chicago 44, Tl. 


Van Buren, 


Drake Mfg. Co., 
Chicago 22, Ill. 

Electric Auto-Lite Co., Port 
Mich. 

Essex Wire Corp., Monticello, Ind. 

General Electric Co., Construction Ma. 
terials Dept., Bridgeport 2, Conm 

Joy Mfg. Co., Mines Equipment Dim, 
Henry W. Oliver Bidg., Pittsburgh 22) 
Pa. 

Kulka Electric Co Dept. T, 30 South 
Mt. Vernon, N. Y. 

Phalo Plastics Corp., Commercial & Pog 
ter, Worcester, Mass. 
Surprenant Mfg. Co 109 Washington, 

Boston 7, Mass. 


1713 W. Hubbard &,, 


Huron, 


HEATING ELEMENTS and UNITS 
Acra Industrial Electric Co., 3007 & 
Kavenswood Ave., Chicago 13, Ill. 
Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4. N. J 
Electro-Therm. Inc., 931 Selim Rd, 
Silver Spring, Ma. 
General Electric Co., 
Schenectady 5. N. Y. 

Still-Man Co., The, 429-33 E. 164, New 
York 56, N. Y. 

Tuttle & Kift Inc., 1823 N. Monitor Ave,, 
Chicago sy, III 

Vulean Electric Co., Denver 2, Mass. 

Westinghouse Electric Corp., 160 Mercer 
St., Meadville, Pa 


Apparatus Dept. 


HIGH-FREQUENCY HEATING UNIT» 
Allis-Chalmers Mfg. Co., 937A 8S. 7, 
Milwaukee 1. Wis. 
General Electric Co., 
Schenectady 5, N. Y. 
Marion Electrical Instrument Co., Man- 
chester, N. H 
Raytheon Mg. Co., Dept. 6460EM, Wal- 

tham 54, Mass. 

Seletron Div., Radio Receptor Co., Ine, 
251 W. ly St., New York 14, N. ¥ 
Westinghouse Electric Corp., P. O. Bor 

868, Pittsburgh 30, Pa. 


Apparatus Dept. 


HIGH-NICKEL ALLOYS. See 
and Nickel Alloys. 


Nickel 


HOISTS, PNEUMATIC. See 
Tools and Equipment. 


Pneumatic 


HOLDERS, COMMUTATOR BRUSH 


Triple ‘‘M’’ Electronents Div., Midwes 
Molding & Mfg. Co., 4630 W. Fuller 
ton Ave., Chicago 39, Il. 

Phoenix Electric Mfg. Co., 
Chicago 6, Il. 


711 W. Lake, 


HOSE, FLEXIBLE METAL 


Johnson Metal Hose, Ince., 
Waterbury 88, Conn. 


224 Mil 


IMMERSION 
Heating Elements & 


HEATER UNITS. Bee 
Units. 


IMPREGNATING COMPOUNDS. Bee 
Cement, Insulating and Sealing; Ware 
and Compounds. 


INDICATORS, 
eters. 


HEAT. See Thermom 


INDICATORS, 
eters. 


SPEED. See Tachom 


INDUCTION HEATING. See Higd 
Frequency Heating Units. 


INFRA-RED LAMPS. See Lamps, bb 
eandescent and Infra-red. 


INSTRUMENTS, ELECTRICAL 
MEASURING and TESTING 


Acme _—— Corp., 3512 Water, Cuba, 


Aerovox Corp., New Bedford, Mass. 

Associated Research, Inc., 3794 W. Bei 
mont, Chicago 18. Tl. 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 

Burlington Instrument Co., Dept. Dliv 
Burlington, Iowa 

Electric Auto-Lite Co., Toledo 1, Ohio. 

Federal Telephone and Kadio Corp., 1 
Kingsland Rd., Clifton, N. J 

Ferranti Electric Ine., 3 Rockefelle 
Plaza. New York 20, N. Y. 

Freed Transformer Co., Inc., 1718 Weit 
field, Ridgewood, Brooklyn 27, N. Y 

General Electric Co. Apparatus Dept. 
Schenectady 5, N. Y 

Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill. 

Marion Electrical 
chester, N. H. 

Radio Corp. of America, Commercial Ep 
grg., Sec. L41R, Harrison, N. J. 

Triplett Electrical Instrument Co., Bluff 
ton Ohio 

Westinghouse Electric Corp., 
R68, Pittshurgh 30. Pa. 

Weston Electrical Instrument Corp., 582 
Frelinghuysen Ave., Newark 5, N. 4 


Instrument Co., Man- 


P. O. Bos 


INSTRUMENTS, LABORATORY 
STANDARD 


Acme Electric Corp., 3512 Water, Cuba, 
_. ey 


Freed Transformer Co., Inc., 1718 Weir- 
field, Ridgewood. Brooklyn 27. N 
General Electric oo. Apparatus Dept. 


Schenectady 5, N. ‘ 
TAGliabue Instruments Div., Weste 
Electrical Instrument Corp., 582 Fre 


linghuysen Ave., Newark 5, N. J 


ELECTRICAL MANUFACTURING 
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Mrs. Anna L. Mevius, in 
STAR’S service for thirty-two 
years, is caught by the candid 
camera as she checks on the 
production of a customer’s item. 
It is such close attention to every 
detail that enables STAR to 
maintain delivery schedules of 
ELECTRICAL PORCELAIN to 


gh ae he * 2 4 
; eee ! the customer’s complete satis- 
ue \ A eS Céfactton. 


Send Blue Prints or Specifications. We will be glad to help you with your ceramic problems. 


STAR PORCELAIN COMPANY 


41 Muirhead Avenue Trenton, New Jersey 
0 MAKERS OF ELECTRICAL PORCELAIN SINCE 1899 


23 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not just 23 years of 
building one or two 
types of standard wire 
strippers, but 23 years 
of continuous research 
and development of 
many wire strippers to 
meet ever changing 
needs. 


Consult us about your 
wire stripping problems. 
SPEED-CRAFT IS 
SUPERIOR BY EVERY 








ELECTRICAL 


CONTACTS 


PRECISION SERVICE... 


from Order to Delivery! 


es COMPARISON. 
. Write for complete information—sending wire samples—no obligation. 


4 WIRE STRIPPER CO. CLEVELAND, OHIO 


Your production problems may be simplified when 
you consult an organization with a long record of 
successfully serving electrical manufacturers in all 
types of precision work. Whether you are seeking 
advice on new applications, redesign, or wish your 
own designs executed, send us your requirements, 
and they will receive our most careful attention. 


Extra KNOW-HOW 


— the BEST in COMMUTATORS for 


ORIGINAL EQUIPMENT MANUFACTURERS 
REPAIRS — REPLACEMENTS 


A FULL LINE of STOCK and SPECIAL SIZES. 


| PROMPT SERVICE 


2 Call or write us today — let us show you why it will pay you 
to deal with the recognized leaders in the field. 


TOLEDO STANDARD 
: COMMUTATOR CO. 


1111 Beehler St. Owosso, Michigan 


for your specific design problems 


THERMOSTAT 
CTS 





Mt. Vernon, N. Y. 
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VU SCT 
50% FASTER 


More than 50% savings in 

assembly time is not unusual 

s—single screw and 

washer units—are used in 

uction work. These com- 

ination screws and free ro- 
tating washers will— 


@ End time necessary to place 
washers on screws. 
@ Prevent awkward assembly 
problems in close work areas. 
@Assure having washers on 
screws where specified. 
@End danger from washers 
dropped in assemblies. 
@ Speed unit assembly by reduc- 
ing part handling time. 
Many washer types are availavie 
for assembly needs—investigate 
through your design engineer how 
to improve production with Sems. 
Or, call in Pheoll engineers for un- 


Additional Profit-Producing 
PHEOLL PRODUCTS 


Machine Screws, Machine Bolts 
Special Screws and Bolts 
Cap Screws, Machine Screw Nuts 
Wood Screws Thumb Screws 

_ Brass Washers 
Tapping Screws, Stove Bolts 


IANUFACTURING COMPANY » “Cro rocteyel,Rood 


Industrial Fasteners and Holding Devices 


SIMPLEX 


STRIPPERS 


@ Clean Cutting 
@ Precision Stripping 
@ Fast Working 


@ Easy Operating 


The Wenco S-15 Simplex wire stripper employs 
a unique patented oscillating blade principle assur- 
ing a complete and clean job of stripping insulation. 

This stripper will accommodate wire up to 7/16 
diameter, stripping insulation without scratching, 
marring or damaging wires in any way by a simple 
quick withdrawal of the wire through the blades. 

It is indispensable for stripping parallel wire, 
heater cord and outer jacket on service cord. 

The Model S-15 is the simplest operating produc- 
tion wire stripper on the market. 

Send sample wires and have your stripping prob- 
lems engineered by Wenco. 

Ask for your copy of new bulletin. 


Write for Dealership Plan 
WENCO MANUFACTURING CO. 


ee ok ee ee ee ee Ss on 
* TOOLS * DIES * STAMPINGS © SPADE BOLTS 


136 WEST HUBBARD STREET, CHICAGO 22,1LLINOIS 
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Westinghouse Electric Corp., P. 0. Box 
868, Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., 582 
Frelinghuysen Ave., Newark 5, N. J 


INSULATING MATERIALS. See follow 

ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
Fabrics, Insulating 
Felt 
Fibre, Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 

ica, and Laminated 

Paper, Insulating 
Plastics, Laminated 
Plastics Molding and Extrusion 
Rubber and Rubber Products 


Silicones 
Sleeving and Tape, Asbestos 
Tape, iction and Splice 
Synthetic Resin 


Tape and Sheeting, 

Tubing, Paper 

Tubing and Sleeving, Braided Fabri 

Tubing and Sleeving. Extruded Plastic 

Varnishes, Compounds and Resins. 
Insulating 

Wares and Compounds 


INSULATION, WIRE and CABLE (Ce- 
ramie and Synthetic) 


du Pont de Nemours & Co., Inc., E. 1. 
Rubber Chemicals Div. F-4, Wilming- 
ton 98, Del. 

Eastman Kodak Co., Rochester 4, N. Y. 

Goodrich Chemiral Co B. F.. Dept. 
GF-12 Rose Bldg., Cleveland 15, Ohio. 

Sprague Electric Co., North Adams, Mass. 

Surprenant Mfg. Co., 109 Washington, 
Boston 7, Mass 

U. 8S. Rubber Co., Rockefeller Center, 
New York 20, N. ¥. 

IRONS, SOLDERING. See Soldering 
Irons. 

JEWEL LIGHT ASSEMBLIES. 
Lights, Pilot and Indicator. 


KNOBS and HANDLES. MOLDED. See 
Plastics—Custom Molders. 


LABELING AND GLUEING MACHINES 

Potdevin Machine Co., 1278—3"th Brook- 
lyn 18, N. Y. 

LABELS, IDENTIFICATION 


Chicago Show Printing Co., 2629 N. Kil- 
dare. Chicago 39. Ill. 

Reynolds Metals Co., Foil Div., 
Grace, Richmond 19, Va. 


See 


Third & 


LACQUER, ENAMELS. PAINTS 
VARNISHES, FINISHING 


du Pont de Nemours & Co., E. I.. 
ishes Dent.. Wilmington 98. Del. 

National Electric Coil Co., Columbus 16, 
Ohio. 

National Paint, Varnish & Lacouer Asso- 
ciation Tne... Washington 5. D. 
Sherwin-Williams Co., Industrial 

Cleveland 1, Ohio. 


and 


Fin- 


‘Div. 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 


oer ‘. Co., Inec., 113 Astor, 


General Piste Div.. Metale and Controls 
Corp., 412 Forest, Attleboro, Mass. 
Makepeace Co.. D. E., Attleboro, Mass. 


LAMINATED PLASTICS. See Plastics. 


LAMPS, FLUORESCENT 


General Electric Co., Div. 186-EM-12, 
Nela Park. Cleveland 12. “ 

Weatinghouse Electric Corp., Bor 
868, Pittsburgh 30. Pa. 


LAMPS. INCANDESCENT AND 
INFRA-RED 

General Electric Co.. Div. 186-EM-12, 
Nela Park, Cleveland 12, Ohio. 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 


LAMPS, MERCURY VAPOR 


General Electric Co., Div. 166-EM-12, 
Nela Park. Cleveland 12. Ohio. 

Westinghouse Electric Corp.. P. O. Boz 
868, Pittsburgh 30, Pa. 


LAMPS, MINIATURE (Pilet and indi. 
eator) 


General Electric Co. Div. 166-EM-12. 
Nela Park, Cleveland 12. hio. 

Herzog Miniature Lamp Works, Ine.. 
s 7 pam Ave., Long Island City 


waeiamaes Electric Corp.. P. O. Box 
968, Pittsburgh 30, Pa. 


LAVA. See Ceramics 


LAYOUT STEEL BLUE 


Dykem Co., 2303-F N. 
6, Mo. 


LENSES. PRESSED GLASS 
Corning Glass Works, Dept. EM-12, 


ing. N. Y¥. 
Kopp Glass, Inc., Swissvale, Pa. 


LIGHTS, MACHINE (Magnifiers) 


Stanley Tools, 183 Elm, New Britain. 
Conn. 


LIGHTS, PILOT and INDICATOR 
Co., 117 North Main. 
. Mass. 
and * Hegeman Electric Co., 
103 “Hawthorn, Hartford 6, Conn. 


Newark 


llth, St. Louis 


Corn- 


Cannon Electric Development Co., 
e is. 3209 Humboldt, Los Angees 


Dial Light Co. of America, 900 Broadway, 
New York 8, N. Y. 
1718 W. Hubbard &t., 


Drake Mfg. Co. 

Chicago 22, Tl 

General wnlectric Co., Div. 166-EM-13, 
Nela Park. Cleveland 12, Ohio. 


211 Bartholomew Ave. 


nn. 
4041 N. Bichards, Mi) 
waukee 12, 8. 


LOCKNUTS and LOCK WASHERS 
See Fasteners 


LOUD SPEAKERS 


Radio Corp. of America, Commercial En- 
grg., Sec. L41R, Harrison, N. J. 


LUBRICATORS, OIL and GREASE 


Eynon-Dakin Co., 1847 W. Bethune, 
Detroit, Mich. 

Madison-Kipp Corp., 214 Waubesa, Mad 
son 10, Wis. 


LUGS and TERMINALS 

Aircraft-Marine Products, 1504 N 
Fourth, Harrisburg, Pa. 

—- Brass Co., Waterbury 88, Conp 

Burndy’ Bagineering Co., Inc. New Yort 
54, 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Ilsco Copper Tube & Products, Inc., Cin 
cinnati 27. O. 

Jones Div., Howard B., Cinch Mfg. Corp. 
Chicago 24, Il. 
Krueger & Wudepohl, 5 E. Third, Cip 

cinnati 2, Ohio. 
Patton-MacGuyer 
Providence 5, R. I. 
Rajah Co.. Bloomfield, N. J. 
Shakeproof, Inc., 2501 N. Keeler Ave 
Chicago 39, Til. 
Soreng Mfg. Corp., Dept. M120, 9555 
Stimpson Co., Inc., Edwin B., 423 Pars 
Ave., Brooklyn 5, N. Y. 
Thompson-Bremer Mfg. Co., 
Hubbard Chicago 22, Ill. 


MACHINES. See _ specific headings 
Balancing; Coil Winding: Die Castir~ 
Drafting: Labeling & Glueing: Mar 
king; Molding; Print; Rivet Setting; 
Screw Driving; Strippers, Wire; Wire 
and Metal Forming. 


MAGNETIC MATERIALS. See 
Electrical; Magnets. Permanent: 
netic Recording Tape; Magnetic 
cording Wire. 


MAGNETIC RECORDING TAPE 


Minnesota Mining & Mfg. Co., St. 
6, Minn. 


MAGNETIC RECORDING 
Driver Co., Wilbur B., 
Ave., Newark 4, N. J. 
PERMANENT 
Inc., Detroit, 


Inc., 


1640 W 


Steel. 
Mae. 
Re- 


Paul 


WIRE 
150 Riverside 


MAGNETS, 
Carboloy Co., 


MARKING MACHINES 
Markem Machine Co., 
Hampshire. 

MATERIALS HANDLING EQUIPMENT 


Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield 99, Ohio. 


MERCURY SWITCHES. 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base. 


Mich 


Keene 7, New 


See Switches. 


METALS. PRECIOUS. See Gold; Lami- 
nated Metal; Platinum; Silver. 


METALS, RARE 
Fansteel Metallurgical Corp., 


cago, E 
Mallory & Co., 


6, Ind. 


North Chi- 


Inc., P. R. Indianapolis 


METERS. See Instruments. 


MICA, GLASS-BONDED. 
Bonded Mica. 


MICA, MOLDED and LAMINATED 
(Sheets, Plate. Tape. Tubes, Rings 
Segments, Washers, etc.) 

General Electric Co., Chemical Dept 
8-11, 1 Plastics Ave., Pittsfield. Mass 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Macallen Co. 16 Macallen, Roston 


Mass. 
Mica Insulator Co., Schenectady 1, N. ¥ 
Mitchell-Rand Insulation Co., Inc., 51 

Murray, New York 7, = 
Columbus 16, 


N. 
— Electric Coil Co., 
80 Woerd 


New England Mica Co., 
Ave., Waltham, Mass. 


MICA UNDERCUTTERS 


Ideal Industries, Inc., 1008 Park Ave.. 
Sycamore, Tl. 


MICROFILM EQUIPMENT 


Eastman Kodak Co., Rochester 4, N. ¥. 
(Micro-Film Machines) 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics, Mica, Plas- 
tics, Rubber. 


Bee Glass 


Inc., 


ELECTRICAL MANUFACTURING 
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Bouse 30 YEARS 


EQUIPMENT MANUFACTURERS 
PREFER BURNDY SCRULUG For 
THEIR TERMINAL CONNECTIONS 
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% 
© Made from high conductiv ty copper alloy with tin plating 
added for resistance to corrosion 


© Pressure bar provides large contact area 
and prevents nicking of conductor 


© Each Scrulug size takes a range of conductor sizes 





© Company engineered — ideal for cramped quarters 
© Easilv installed with pliers or screw driver 


© Clamping bolt tightens easily 







© One piece construction —no intermediate 
contact surfaces 





® Listed by Underwriters’ Laboratories, Inc. 


Five Scrulug sizes accommodates & 
all conductors from No. 14 4 
solid to 500 Mem. ¢ 


of TTF 
ACCURATE 


BURNDY .. D.cit veh FRICTION AND RUBBER 


TAPES 











About That Motor— 


Is it 1/100 H.P. or 1/8 H.P ? MATERIALS — A major factor in the expand- 
Do you want the best motor for the job? You will require ing demand for Accurate Tapes. Only finest 
someone to work with you in your tests for a selection. Why grade cotton sheeting, purest live rubber are 
not take advantage of 40 years Motor building—We’'ve had it. used in their manufacture. Result — perma- 


nent pliability, extra stretch, maximum cohe- 
sion — all important to clean, fast, economical 


Pictured; Universal taping. 

Double Reduction 

Governor controlled WORKMANSHIP — Accurate Friction Tapes 
motor. are super-calendered for complete impregna- 


tion of the base cloth. Careful slitting prevents 
tape from raveling when used. Accurate Rub- 





RAE MOTOR CORP. ber Tapes are specially compounded with un- 
- usual precautions taken to maintain caliper, 
Rae P.O. Box 291 — Racine, Wis. elasticity and fusing characteristics. 


QUALITY CONTROL— Every production run 


must fully meet fourteen exacting quality con- 
Oh a CONTRACTORS trol checks. These tests guarantee the quality 
6 of every roll shipped — are the big reasons 

why Accurate tapes have increased in popu- 

larity every year for over 30 years. 








Ready Now! New Accurate Catalog 
Contains complete specifications on all 
Accurate Tapes, including roll lengths and 
packaging. Get your copy today. Just call 
or write — ACCURATE MFG. CO., Garfield, N. J. i 


IF IT’S TAPE...IT WILL PAY YOU TO MAKE SURE 
han 
ae Veet “hasan 
PTA aA OOO | Spccifications, Navy Department| | 
OWATONNA, 79 MINN. Specifications. 


DECEMBER 1950 237 


WRITE FOR INFORMATION Conforming te: Federal Speci- 





e It doesn’t pay to take chances with functional parts. 
The best is none too good where the performance of 
your product depends on the spring. With U. S. Steel 
Wire springs you are assured of the same high quality 
standards that you demand for yourself in your own 
manufacture. Why not consult us about your spring 


requirements now! 


No order too large or too small 


te J, §. STEEL WIRE SPRING <. 


AIL SRD aN PO OE er ee 
CLEVELAND 5, OHIO 


MOTORS 


Miniature Timing Motors, Geared 
Subfractional, Under 1/20 Hp. 
Fractional, 1/20 to % Hp. 





Integral, 1 to 7% Hp. 
Integral, Over 7% Hp. 
“Gearmotors 

Generators 


Low Voltages (Under 110) 


N/<|/ Plo; el Q;a\* 


Allis-Chalmers Mfg. Co., 937A 8. 70, Mil- 
waukee 1, Wis. (KLMNOUQRTUVW) 

Baldor Electric Co., 4353 Duncan Ave., 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co., Rockford, Lil. 
(BCEYZ) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (ABCDEFGHJQRSTYZ&) 

Bristol Motor Co., 114 Bristol Bldg., Old 
Saybrook, Conn. (ABY) 

Cyclohm Motor Corp., Div. of Howard In- 
dustries, Inc., Dept. EMD, Racine, Wis. 
(ABEQTUVY) 

Deico Appliance Div., General Motors 
Corp., Koehester 1, N. Y. (FGH) 

Delco Products Div., General Motors 
Corp., Dayton, Ohio (BFGKLNZ) 

Electrical Mfg. Co., Lake at Fourth, Ra- 
cine, Wis. (BCDFGH) 

Electric Auto-Lite Co., Toledo 1, 
(GZ) 

Electric Motor Corp., Div. of Howard In- 
dustries, Inc., Dept. EMD, Racine, Wis. 
(BCDFGHQKYZ&) 

Electric Specialty Co,, 171 South S8&t., 
Stamford, Conn. 
(BCDEFGHJKLMNOPQRSTUVWYZ&) 

Electro-Dynamic Div. of The Electric 
Boat Co., Bayonne, N. J. (KLNOV) 

Electro Engineering Products Co., Inc., 
4924 West Kinzie, Chicago 44, Ill. (BC) 

Electro Machines, Inc., 58 North 3rd St., 
Cedarburg, Wis. ‘‘Doerr’’ (FGKL) 

Elliott Company, Crocker-Wheeler Div., 
Ampere, N. J. (KLNOQRUV) 

Elliott Company, Ridgway Div., Ridgway, 
Pa. (NOPUVW) 

Emerson Electric Mfg. Co., St. 
Mo. (FGJKLMOR) 

Fasco Industries, Inc., 100 Augusta, Ro- 
chester 2, N. Y. (BCDFGHYZ&) 

General Electric Co., Apparatus Dept., 
Schenectady 5, N. Y. 
(BCDEFGHJKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. E, Elyria, 
Ohio (BQYZ) 

Hansen Mfg. Co., Inc., Princeton 3, Ind. 
(BCEYZ) 

Haydon Co., A. W., 
Waterbury 20, Conn. (CXZ) 

Haydon Mfg. Co., Inc., 2526 Elm, 
rington, Conn. (ABCYZ) 

Heinze Electric Co., 685 Lawrence, Low- 
ell, Mass. (BCDFZ) 

Holtzer-Cabot, Div. of National 
matic Co., Inc., Boston 19, Mass. 
(BCEFGJZ) 


Ohio 


Louis 21, 


232 North Elm, 


Tor- 


Pneu- 


Hoover Co., Kingston-Conley 


Div., 172 
Brook Ave., N. 


Plainfield, N. J. (FK) 

Howard Industries, Inc., Dept. EMC, 
Racine, Wis. (ABCDEFGHQRTUVYZ) 

Howell Electric Motors Co., Howell, Mich, 
(FKNQ) 

Janette Mfg. Co., 566 W. 
cago 6, Ill. (FGKQRZ) 

Kata Engrg. Co., 128 Maxfield Ave., Man- 
kato, Minn. ‘KL) 

Kurz & Root Co., N. Island St., Apple- 
ton, Wis. (FKNGLOUV) 

Lamb Electric Co., Kent, Ohio 
(BCDEFGHIJQRS) 

Master Appliance Mfg., 
Ontario, Racine, Wisc. 

Master Electric Co., Dayton 1, Ohio 
(FGIKLMNOPQRTU VW) 

Motorsearch Co., 1600 Junction 
Racine, Wis. (BQY) 

Ohio Gear Co., 1358 E. 
10, Ohio (Q) 

Packard Electric Div., General 
Corp., Warren, Ohio (FG) 
Peerless Electric Co., Warren, 

(FGKLN) 

Rae Motor Corporation, P. O. Box 291, 
Racine, Wis. (BCDFGHYZ&) 

Raytheon Mfg. Co., Dept. 6460 EM, Wal- 
tham 54, Mass. (BF) 

Redmond Co., Inc., Owosso, Mich. 
(BCDFGQZ) 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio. 
(FGKLNOV) 

Robbins & Myers, Inc., Motor Div., Dept. 
C-120, Springfield 99, Ohio. 

Ruetz Mfg. Co., 1600 Junction Ave., Ra- 
cine, Wis. (BCDFGHRSZ) 

Russell Electric Co., Div. of The Ray- 
theon Mfg. Co., 4501 So. Western Blvd., 
Dept. K-21, Chicago 9, Ill. (BF) 

Scruggs Co., Loyd, 1022-32 N, Sixth, St. 
Louis 1, Mo. (B) 

— Inc., 30 Union, Ashland, Mass. 

) 


Monroe, Chi- 


Co., Fourth & 
(CD) 


Ave., 


179, Cleveland 


Motors 


Ohio 


U. S. Electrical Motors, Inc., Los Angeles 
54, Calif. (FKNQY) 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. (FGKLNYZ) 

Wesche Electric Co., B. A., 1620 Vine, 
Cincinnati 10, Ohio (FGKLNOZ) 

Westinghouse Electric Corp., P. O. Bor 
868, Pittsburgh 30, Pa. 
(BCDEFGHJKLMNOPQRSZ&) 


MOLDING MACHINES, PLASTICS 


Kux Machine Co., 3942 W. Harrison, 
Chicago 24, Ill. 

Lake Erie Engineering Corp., 
& Woodward Aves., Buffalo 17, N. ¥ 

Stokes Machine Co., F. J., 5996 Tabor 
Rd., Philadelphia 20, Pa. 


Riverview 


MOLYBDENUM—Sheet and Wire 
(See also Contacts) 

Fansteel Metallurgical Corp., 
cago, 

Mallory & Co., Inc., 
6, Ind 


MOTOR CONTROLS and STARTERS 
See Controllers, Motor; Push Button 
Stations. 


North Chi- 
P. R., Indianapolis 


MOTORS. See Motor Table above. 


MOUNTINGS, RUBBER and 
SYNTHETIC 


Lord Mfg. Co., Erie, Pa. 

Surprenant Mfg. Co., 109 Washington 
Boston, Mass. 

U. S. Rubber Co., Reckefeller Center. 
New York 20, N. Y. 


MOVEMENTS, CLOCKS and TIMING 


Bristol Motor Co., 114 Bristol Bldg., Ole 
Saybrook, Conn. 

Haydon Co., A. W., 232 
Waterbury 20, Conn. 
Haydon Mfg. Ce., Inc., 

rington, Conn. 


NAME AND INSTRUCTION PLATES 
Chicago Show Printing Co., 2628 N 
Kildare, Chicago 39, b 
Electric Auto-Lite Co., Port 


Mich. 
Etching Co., of America, 1520 Mop 
Dept. E-11, Chicago 14, IIL 
Electric Co., Chemical Dep 
1 Plastics Ave., Pittsfield, Mase 
(Plastics) 
Mica Insulator Co., Schenectady 1, HN. ¥ 
(Plastics) 


North Elp 
2526 Elm, To 


Huron 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 88, Cons 
(Cupro-Nickel) 
Waterbury 


Chase Brass & 
20, Conn. 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 

International mien Co., Inc., 67 Wal 


New York 5, N. Y. 
Brass, Inc., 280 Part 


Copper Co., 


Revere Copper & 
Ave., New York 17, N. Y. 


NICKEL SILVER 
(Rod, Sheet, Tubing, Wire) 


American Brass Co. Waterbury 88, Cone 
Federated Metals Div., American Smelt- 
ins & Refining Co., 120 Bway., N. ¥. 5 


NON-MAGNETIC IRON 
See Steel, Stainless. 


NUTS. See Fasteners. 


NUT RUNNERS. See Pneumatic 
and Equipment; 
chines. 

OHMETERS. See Instruments. 


OILERS. See Lubricators, Oi] sesé 
Grease. 


PACKAGING. See Boxes and Crates; 
Containers, Packaging and Shipping. 


PACKINGS. See Gaskets. 


and STEEL 


Tool 
Screw-Driving Ms 


PALLADIUM. See Platinum and Platinus 
Products. 

PANEL CONTROL UNITS 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. 

Arrow-Hart & Hegeman Electrie Oo. 
103 Hawthorn, Hartford 6, Conn. 


General Electric Co., Apparatus 
Scheneetady 5, N. Y. 
Heinemann Electric Co., 99 Plum, Trentos, 


ELECTRICAL MANUFACTURING 





SERRA Sener meer ene er ee 


E make a wide variety of contacts 

in platinum, palladium and silver, 
both pure and in their many alloys, so that 
we are able to supply you with what you 
need for any particular application. These 
include rivets, studs, screws, steel-back and 
solder-back buttons, washers, discs, rods, 
rings and special shapes and stampings. 
We supply them to practically any speci- 
fied dimensions for attaching by riveting, 
staking, brazing or welding. 


Write us if you have any contact problem. 
We shall be glad to consult with you. 


BAKER & CO., INC. 


113 ASTOR STREET 
NEWARK 5, N. J. 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


' % THE RIGHT MOTOR AT 
Write for descriptive folder 7 — THE RIGHT PRICE 


THE RAJAH COMPANY EMC and CYCLOHM 
BLOOMFIELD NEW JERSEY FRACTIONAL H.P. MOTORS 


Stripped to the bare a 
essentials, “EMC. Model 800-D performs free and 


1 
easy as a fan dancer in a brisk breeze. It's a 4-pole il 
types and sizes of ae gre es ae _— — vee 
miniature ball bearings AG SARE 5S SUNN NEE See OUTS HEN 


Model 800-D has been unusually successful in 
powering fans for a wide variety of products such 
as: dictating machines, medical apparatus, labor- 
atory stirrers and air conditioners. Available with 
EMC gear reduction units—hundreds of ratios. 
BEARINGS, Ball, miniature. Standard and Special for Get more than the bore facts... for complete 


application in precision mechanisms to minimize friction : : 

and wear. High load capacity in minimum space. Light in information about EMC model 600-D or any of the 
weight. Specify MPB for shock loads, continuous opera- famous EMC universal and direct current motors 
tion, extreme temperature ranges and delicate responsive- and Cyclohm induction motors, write TODAY for 
ness. Special designs and complete engineering service handy reference literature and specification sheets. 


for your application. Write for catalog M. 
: : HOWAR D 
INDUSTRIES, INC. A fe 


Dept. EMD, Racine, Wisconsin 
piviSIONS » ELECTRIC MOTOR CORP. « CYCLOHM MOTOR cone. 


DECEMBER 1950 
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SUB-FRACTIONAL HORSE POWER MOTORS 


COSC SESS SECES SHEETS SSEEEEEEE ESE SEEES 





Ventilated case 





Flat —= mounting 


rotation, 





Junction box welded 
to case. 


Heinze Electric Co 


685 Lawrence Street 
LL, MASS 


LOWE 


For pumps, 


Type D 


2 pole, shaded pole motor. A rugged, 
simple and dependable 
which will operate for years with a 
racket minimum of attention. 


fans, advertising displays, 
brooders, space heaters, etc. 


Normally supplied for 115v 60 cycle 
operation in either C. W. or C. C. W. 
but can be furnished for 
other voltages or 50 cycle operation 
on special orders. 


2 Pee eed 0000 6 6 ESVSSS 0 OSFSEFESSSE OOO OES OOF O0OSE 8008 00 


with 


It 


e Convenience In Wiring — 
Attached outlet boxes provide 
large, easily accessible wiring 
compartments for lead connec- 
tions; take conduit or flexible 
cable from all 4 sides. 


e Flexibility In Mounting — 
Units can be mounted as shown 
at right, upside-down, or in any 
other position; rugged frames 
and mounting feet provide 
strong, rigid support. 


¢ Dependability In Operation 
Quality construction, with 
more -than-adequate insulation 
and vacuum impregnation of 
core and coil, assures long, serv- 
ice-free operating life. 











Sten Down Main Circuit Voltages 


Power Circuit 
Transformers 


230/460 or 575 Volts 


5 or 115/230 Volts 


little unit 


*, 
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PCB SERIES 


Primaries: 





(50/60 Cycle) 
Secondaries: 


(% to 10 KVA) 


Write for prices and full information. 


a elas 


ws orporation 





Square D Co., 4041 N. 
kee 12, Wis 


Richards, Milwau- 


Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. 
Westinghouse Electric Corp., P. O. Bos 


868 Pittsburgh 30, Pa. 


PANELS, METAL. See Cabinets, Sheet 
Metal. 

PAPER, INSULATING 

Cottrell Paper Co., Inc., Fall River 
Mass. 

General Electric Co., Chemical Dept 
8-11, 1 Plastics Ave., Pittsfield, Mass 


Insulation Manufacturers Corp., 565 W 
Washington Blvd.. Chicago 6, Ill. 

Irvington Varnish & Insulator Co., Irv 
ington 11, N. J. 

Johns-Manville, Box 290, New York 16, 
x. ¥. 

Mica Insulator Co., Schenectady 1, N. Y. 

Mitchell-Rand Insulation Co., Ine., 51 
Murray, New York 7, N. Y. 

National Electric Coil Co., Columbus 16, 
Ohio 

National Varnished Products 
Randolph Ave., Woodbridge, 

National Vulcanized Fibre Co., 
ton, Del. 

West Virginia Pulp & Paper Co., 230 
Park Ave., New York 17, N. Y. 


Corp., 207 
N. J. 
Wilming- 


PAPER, REPRO 
10 


DUCT 
Eastman Kodak Co., Rochester 4, N. Y. 


* aieleaeiineel 


PAPER, TRACING. See Tracing Cloth, 
and Paper. 


PARTS FEEDERS, SELECTIVE 


Detroit Power Screwdriver Co., 2317 W. 
Fort, Detroit 16, Mich. (Hopper, Units) 
Syntron Co., Homer City, Pa. (Vibrator) 


PENCILS, DRAWING 
ee Pencil Co., Inc., 
Staedtler Inc., J. S., 

York 13, N. Y. 


Bloomsbury, 
55 Worth St., New 


PERMANENT MAGNETS. see Magnets 
Permanent. 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 
American Brass Co., Waterbury 83, Conn. 
Chase Brass & Copper Co., Waterbury 
20, Conn. 
Mallory & Co., Inc., P. R., 


Ind. 
Revere Copper & Brass, Inc. 

Avenue, New York 17, N. 
Seymour Mfg. Co., Seymour, Ccnn. 


Indianapolis 
230 Park 
4 


PHOTOELECTRIC CELLS AND TUBES 


Bradley Laboratories, Inc., 86 Meadow, 
New Haven 10, Conn. 

General Electric Cv., Electronics Dept., 
Thompson Rd., Syracuse, N. Y. 

Radio Corp. of America, Commercial En- 
gerg., Sec. L41R, Harrison, N. J. 

Weston Electrical Instrument Co., 582 Fre 
linghuysen Ave., Newark 5, N. J. 


PHOTOELECTRIC CONTROLS 


General Electric Co., Electronica Dept., 
Thompson Kd., Syracuse, u, Z. 

Mercoid Corp., 4227 W. Belmont Ave., 
Chicago 41, 


Westinghouse Electric Corp., P. U. Box 
868, Pittsburgh 30, Pa. ‘ 
Weston Electrical Instrument Corp., aa 


Frelinghuysen Ave., Newark 5. N. 
PILLOW BLOCKS. See Blucks, Pillow. 
PINS, COTTER AND LOCK. See 

Fasteners. 


PINS, SEAMLESS 

Waterbury Brass Govds, 
American Brass Co., 
Conn. 


Branch of the 
Waterbury 20. 


PLASTICS-CUSTOM MOLDERS and 
EXTRUDERS 


Alden Products Co., 117 North Main 
Broekton 64EM, Mass. 
American Hard Rubber Co., 11 Mercer 


New York 18, N. Y. . r 
American Insulator Corp., New Freedom, 
Pa. 
Auburn Button Works, Inc., 460 Me- 
Master, Auburn, N. Y. 
Barber-Colman Co., Rockford, Ill. 
Chieago Molded Products Corp., 
Kolmar Ave.. Chicago 51 ill. 
Electric Auto-Lite Co., 723 New Center 
Bldg., Bay Mfg., Div., Bay City, Mich. 
Federal Telephone and Radio Corp., 900 
Passaic Ave., E. Newark 1, N. J. 


1024 N 


Garfield Mfg. Co. Garfield i es, ee 
(Cold Molded) 

General Electric Co., Chemical Dept. 
8-11, 1 Plastics Ave., Pittsfield, Mass. 

General Industries Co., Dept. E, Elyria, 


Ohio. 
Gries Reproducer Corp., 
New York 54, N. Y. 


108 Willow Ave., 


Insulation Mfg. Co., Inc., 13 New York 
Ave., Bklyn 2, es 

Irvington Varnish & Insulator Co., Irv- 
ington 11, N. J. 

Kuhn & Jacob Molding and Tool Co., 
1204 Southard, Trenton 8, N. J. 


Kurz-Kasch, Inc., 
Dayton 1, Ohio, 


1419 S. Broadway, 


Mack Molding Co., 
Wayne, 


os, Main 8&t., 
Midwest Moiauny & Mfg. Co., 


Inc., 


4630 W. 
Fullerton Ave., Chicago 39, Ill. 
Molded Products’ Corp., 4535 W. Harri- 
son Ave., Chicago 24, Ill, 

National Varnished Products Corp., 207 
Randolph Ave., Woodbridge, N. J. 
Phalo Plastics Corp., nena & Fos- 

ter, Worcester, 
Rimepton, Oi. 2799 "Tate St., Melrose 


Park, 

Rogan Brothers, 2500 W. 
Blvd., Chicago 18, Ill. 
Surprenant Mfg. Co., 109 Washington, 

Boston 7, Mass. 


Synthane Corp., 25 
Pa. 


Irving Park 


River Road, Oaks, 


PLASTICS-LAMINATED 
FABRICATORS 


Barber-Colman Co., Rockford Il. 


Chicago Molded Products Corp., 1024 N, 
Kolmar Ave., Chicago 51, Ill. 
Continental-Diamond Fibre Co., Newark 


13, Delaware. 


Electric Auto-Lite Co., 723 New Center 
Bidg., Bay Mfg. Div., Bay City, Mich 

Caen Industries Co., Dept. E, Elyria 
Ohio 

Kurz-Kasch, Inc., 1419 S. Broadway, 
Dayton 1, Ohio. 

Mica Insulator Co., Schenectady 1, N. Y, 

Midwest Molding & Mfg. Co., 4630 W. 


Fullerton Ave., 
Richardson Co., 
Park, Ill. 
Synthane Corp., 


Chicago 39, II. 
2799 Lake St., Melrose 


25 River Rd., Oaks, Pa. 


PLASTICS, LAMINATED (Sheets, 
Rods & Tubes) 

Bakelite Division, Union Carbide & Car- 
bon Corp. Dept. BL-20, 30 E. 42nd, 
New York 17, N. Y. 

Celanese Corp. of America, Dept. 5L, 
180 Madison Ave., New York 16, N. Y, 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland Ohio (Tubes) 

Continental-Diamond Fibre Co., Newark 


13, Delaware, 
Durez Plastics & Chemicals, Inc., 1312 
_Walck Rd., North Tonawanda, N. Y. 
Eastman Kodak Co., Rochester 4, N. Y. 
General — Electric Co., Chemical Dept, 
8-11, 1 Plastics Ave., Pittsfield, Mass, 
Mica Insulator Co., Schenectady il, N. @ 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 


National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Richardson Co., 2799 Lake St., Melrose 
Park, Ill, 

= « Son, Inc.. Joseph T., Chicago, 


Synthane Corp., 25 River Rd., Oaks, Pa, 
taylor Fibre Co., Dept. EM11, Norris- 
town, Pa. 


Westinghouse Electric Corp., P. 


i 1 O. Box 
868, Pittsburgh 30, Pa. 


PLASTICS, MOLDING AND 
EXTRUSION COMPOUNDS 


Cellulose- Acetate (A) 
Melamine- formaldehyde «c) 
Methy! Methacrylate (D) 
Polystyrene ww) 
Phenoi- Formaldehyde \s) 
Polyamide (Nylon) (Q@) 
Polyethylene (H) 
Urea Formaldehyde (J) 
Vinyl Alcohol Us) 
Vinyl Acetal (Ll) 
Vinyl Chloride (Vv) 
Viny! Chloride— 
Vinylidenechioride (Ww) 
Vinyl Chloride Acetate (mM) 
Vinylidene Chloride WN) 
Polytetrafiuoroethyiene Pw) 
Allyl Kesin (Q) 
Cellulose, Nitrate uk) 
Silicone Resins ‘s) 


Alkyd Molding Compound (T) 


American Cyanamid Co., Plastics Dept., 
35 Rockefeller Plaza, New York 20, 
N. Y¥. (CJQ) 

Bakelite Division, Union Carbide & Car- 
bon Corp., Dept. BL-20, 30 E. 42nd, 
New York 17, N. ¥. (EFJM) 

Celanese Corp. of America, Dept. 5L, 


180 Madison Ave., New York 16, N. Y¥. 
du Pont de Nemours & Co., Inc., E. L 

Plastics Dept., 350 Fifth Ave., New 

York 1, N. Y¥. (ADGHKLPR) 


Durez Plastics & Chemicals, Inc., 1312 
Walck Rd., North Tonawanda, N. Y. 
(E) (Casting Kesins) 

General Electric Co., 
8-11, 1 Plastics Ave., 


Chemical Det 
Pittsfield, Mase 


a... 
Cleveland, 


(ES) 

Goodrich Chemical Co., 
GF-12, Rose Bldg., 
(VW) 

Koppers Co., Inc., 


Dept 
Ohio. 


Chemical Divisios. 
Dept. EM- 12, Pittsburgh 19, Pa. (AF) 
Plaskon Div., Libbey-Owens-Ford Gia. 
Coy _ Sylvan Ave., Toledo 6, Ohis. 


PLATINUM and PLATINUM PROD- 
UCTS (See also Contacts) 


© Co., Inc., 118 Astor, Newars 
Brainin Co., C. 8., 318 Washington, Mt. 
Vernon, N. 


General Plate Bie. Metals and Controls 
Corp., 412 Forest, Attleboro, Mass. 
Flandy Harman, 82 Fulton, New ore 


Y 
Ney Co., J. M., 371 Elm, Hartford 1 
Conn. 


PLIERS 


Klein & Sons, Mathias, 
Ave., Chicago 18, Il. 


8200 Belmont 
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Radio * Television * Telephone * Telecommuni- 
cations * Railroad Signalling * Automotive Industries 
Can Manufacturing * Machinery * General Electrical 
Work * Aeronautics and many others. 
SAFE! SPEEDY! ! EFFICIENT!!! 
SUPERSPEED WHITE FLASH Activated Rosin Cored Solder 
comes in different diameters and alloyx—YOU CAN 


SELECT THE SOLDER TO GIVE MAXIMUM EFFICIENCY 
FLUTED CORE AT THE CORRECT TEMPERATURE—FOR YOUR JOB 
— or — we make it to fit your requirements. 


Check these Important Features: 


Activated rosin flux insures maximum 
and spreading. 


—stellate in section 
—contains a fluxing 
medium of unrivaled 
efficiency close to 
periphery of the 
solder at six points. 
It permits instantane- 
ous ‘‘wetting’’ and 
fluxing at correct 
temperature, and ob- 
viates dry and high 
resistance joints. 


‘*wetting’’ 


Faster. Operators solder more joints. 
Cuts down rejects, 
Non-hygroscopic residue of high dielectric strength. 
No unpleasant odor. 
% Complete continuous core. 
‘Made by Metal Refiners for 150 Years.’' 


Write to our U. S. Representative for samples, 
technical literature, and prices. Stocks maintained 
in Rochester for immediate delivery to all points. 


Manutactured Solely b [tye 


AMA MI la tis ae 
& SONS LTD. | dept. 8,113 N. WATER stREET \ 


LONDON, ENGLAND ROCHESTER 4, NEW YORK 


CONDITIVRE 
OTIVE ° AVIATION « AIR 
. AUTOM 


pPLIANCES ° ELECTRICAL 
oA 


nonics * F 


— quick, secure fastening at low cost 
Oo; RAN 5 


. RADI 
. STEEL TOWERS nite 


REFRIGERATOR 


Na Lee 


ir a 


THE PALNUT COMPANY 


10 Cordier St., 
Irvington 11, N. J. 


SELF-LOCKING 


NUTS AND FASTENERS 


DECEMBER 1950 


No dry or high resistance joints. No risk of corrosion. 
Economical. Gives more joints per pound of solder, 


THREE WAY—Two Position—Normally Closed 

—Normally Open—Directional Flow 

TWO WAY—Normally Closed and TWO WAY—Normally Open 

2K Skinner Solenoid Valves are only 2%" high x 1%” dia., yet have 

large capacity within a standard range of 5 to 250 p.s.i. or special from 

5 to 850 p.s.i. Progressive designers will like the accurate, long-lived, 

positive action, whether used for liquid or gaseous media. Skinner 

Valves have soft insert seats to prevent leakage—spring loaded for 

positive action — power consumption of 10 watts max.— usable in any 

position—pipe connections to suit your specifications—special coils for 
high humidity or high temperature applications can be supplied. 

Standard models approved by Underwriters’ Laboratories. 


Write for Bulletin No. 501 


SGcuner EvectRIC VALVE DIV. 


THE SKINNER CHUCK COMPANY 
130 Belden Ave., Norwalk, Conn. 


me a 


EXTRA. PLANT FACILITIES? 
USE OURS... 


for the production of small 


to medium sized parts, mechanical or electrical com- 


ponents and finished products. Our facilities include 


Stamping, Drawing, all methods of Machining, Fin- 
ishing and Assembling. 


Write for bulletin or send 
blue prints with quanti- 
ties of items you need. 


5. S. POPPER, &. 


s 
mwerat prmroovuec 
222 NINETEENTH ST., UNION CITY, N. J. 
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ONTACTORS 4y// 


Underwriters’ 
Approved. 600 Volts AC 


v 
V 
v 
/ 
V 


SIZE 
Non-Reversing 
2 to 4 Pole 2-3/4” w. x 3-5/8” h. x 3-5/16” d, 
5 to 8 Pole 5-9/16” w. x 3-5/8” h. x 3-5/16" d. 
Reversing 
2 to 4 Pole 5-9/16” w. x 3-5/8” h. x 3-5/16” d. 


Note: 10 and 15 ampere contactors have same mounting 
and overall dimensions. 


ACCESSIBILITY 
To replace contacts, it is not necessary to disassemble the 
complete contactor. Just remove the parts comprising the 
stationary and movable contacts. Contacts can be replaced 
without disturbing wiring. To change coil, remove magnet 
frame and coil assembly only. (See illustration below.) 


FLEXIBILITY 


Using a screw driver only, you can easily change any pole 
from normally open to normally closed. No special parts 
required. 10 and 15 ampere parts are interchangeable. 


RELIABILITY 


Laboratory tests involving millions of operations, plus field 
service of thousands of R-B-M contactors on door operators, 
radio transmitters, packaging and weighing machinery, hoists, 
machine tools and many other industrial applications offer 
proof of dependable, trouble-free performance. 


ADVANCED DESIGN 


Melamine Insulation. Molded coil housing. Ilsco solderless 
connectors. 50/60 cycle magnet coils. Palladium silver con- 
tacts. Stainless steel self-contained 

contact springs. 


Where space is a factor, and 
accessibility a must—use 
R-B-M industrial contactors. 
Initial low cost plus depend- 
able performance will save 
you money. Write for Bulletin 
600 and price list on your 
company letterhead. 


R-B-M DIVISION 
ESSEX WIRE corp. 


ogansport, Indiana 


MANUAL AND MAGNETIC 
INDUSTRIAL, 


ELECTRIC 
COMMUNICATION AND 


CONTROLS 


AUTOMOTIVE ELECTRONIC 


USE 


PLUGS AND RECEPTACLES 


Alden Products Co., 117 North Main, 
Brockton 64EM, > 

Arrow-Hart & Hegeman Electric Co. 
103 Hawthorn, Hartford 6, Conn. 

Automatic Elec. Co., 10833 W. Van Buren, 


Chicago 7, Ill. 
Belden Mfg. Co., 4633 W. Van Buren, 
Dept. 


Chicago 44, Ill. 

Cannon Electric Development Co., 
E- her 3209 Humboldt St., Los Angeles 
81 ali 

Cornish Wire Co, Inc., 15 Park Row 
New York, N. Y. 

Electric Co., Construction Mate- 

rials Dept., Bridgeport 2, Conn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, IIL 


Joy Mfg. Co., Mines Equipment Div., 
Henry W. Oliver Bldg., Pittsburgh 22. 


Dept. T, 30 South, 
Mt. Vernon, N 


National Electric Products Corp., 1318 
Chamber of Commerce Bldg, Pittsburgb 


19, Pa. 
Packard Electric Div., General Motors 
Inc., 125 Barclay, 


Corp., Warren, Ohio. 
Rockefeller Center, 


General 
Pa. 
Kulka Electric ot, 


Russell & Stoll Co., 
New York 7, Se 
U. 8S. Rubber Co.. 
New York 20, N. Y. 


PLUGS, EXPANSION 


PNEUMATIC TOOLS and EQUIPMENT 
Keller Tool Co., Grand Haven, Mich. 


PORCELAIN. See Ceramics. 


POSTS, BINDING 


Chase Brass & Copper Co., Dept. 
250, Waterbury 20, Conn. 


POTENTIOMETERS. See Rheostats. 


POTS and LADLES, MELTING 
General Electric Co., Apparatus Dept., 


Schenectady 5, } 
Sta-Warm Electric Co, “565 N. Chestnut. 


Ravenna, Ohio. 
Danvers 2, Mass. 


Vulcan Electric Co. 
POWDERED METAL PRODUCTS. (See 
Contacts) 


also Bearings and Bushings; 
Amplex Mfg. Co., Div. of Chrysler Corp., 
6501 Harper, Detreit 31, Mich. 
Bound Brook Oil-Less Bearing Co., Bound 


Brook, N. J. 
Johnson Bronze Co., 570 S. Mill, New 
P. B. 


Castle, Pa. 
Mallory & Co., 


6, Ind. 

Moraine Products Div. of General Motors, 
Dayton, Ohio. 

National Molded Products, Inc., St. 
Marys, Pa. 

Stackpole Carbon Co., St. 
(Iron Cores) 


POWDERS, METAL 
Goody & Harman, 82 Fulton, New York 7, 
N 


New Jersey Zinc Co. 160 Front, New 
York 7, N. Y. (Brass, Bronze, Copper 


and Zinc) 
Reynolds Metals Co., Pigment Div., 19 E. 


47th, New York 17, N. Y. 


POWER SUPPLY UNITS, RECTIFIER 

American Television & Radio Co., St. 
Paul 1, Minn. 

Federal Telephone and Radio Corp., 900 
Passaic Ave., E. Newark, N. J. 

Mallory & Co., Inc., P. R., Indianapolis 


6 Ind. 
Raytheon Mfg. Co., Dept. 6460EM, Wal- 
tham 54, Mass. 


PRESSES, HYDRAULIC 


Lake Erie Engineering Corp., Riverview 
& Woodward Aves., Buffalo 17, N. Y 

Stokes Machine Co., F. J., 5996 Tabor 
Rd., Philadelphia 20, Pa. 


PRESSES, MOLDING. See 
Machine, Plastics. 


PRINT MACHINES: Black, Blue, Brown. 
White. 

Bruning Co., Ince., 
New York 13, N. 


PULLEYS, V-TYPE. See Drives, V 
Belt. 


Inc., Indianapolis 


Marys, Pa. 


Molding 


Charles, 120 Reade, 
= 


PUMPS 


Allis-Chalmers Mfg. Co., 937A 8. 70 
Milwaukee 1, Wis. 

Robbins & Myers, Inc., Motor Div. 
Dept. C-120, Springfield 99, Ohio. 
Scintilla Magneto Div., Bendix Aviation 
Corp., Sidney, N. Y. (Diesel Fuel) 
Sier-Bath Gear & Pump Co., Inc., 9244 
Hudson Blvd. North Bergen, N. J. 
Stokes Machine Co., F. J., 5996 Tabor 

Rd., Philadelphia 20, Pa. 


PUSH BUTTON STATIONS 
Allen-Bradley oe: 1316 S. Second, Mil 


waukee 4, 
Mfg. Co., 937A 8. 70 


Allis-Chalmers 
Milwaukee 1, Wis. 

Arrow-Hart & Hegeman Electric Co., 19 
Hawthorn, Hartford 6, Conn. 

Automatic Electric Co., 1003 W. Var 
Buren Chicago 7, Il. 

General —— me Apparatus 


Schenectady 5 : 
Micro Switch Div.. Minneapolis- Honey 
well Regulator Co., Freeport, Il. 
National Acme Co., 176 E. 131st, Cleve 

land 8. Ohio. 
4041 N. Richards, Mi) 


Square D Co., 
Ward Leonard Electric Co., 34 South, Mt 


Dept 


waukee 12, Wis. 
Vernon ° 

Westinghouse Electric Corp., P. O. Bos 
868, Pittsburgh 30, Pa. 


PYROMETERS, POTENTIOMETER 
Bristol Co., 153 Bristol Rd., Waterbury 


91, Conn, 

TAGliabue Instruments Div., Weston 
Electrical Instrument Corp., 582 Fre. 
linghuysen Ave., Newark 5, N. J, 

Thermo Electric Co., Dept. N, Fairlawn 


aN. 


REACTORS. See Transformers. 


RECTIFIERS, DRY METALLIC 

Acme Electric Corp., 3512 Water, Cuba, 
Dm. Bi 

Allis ‘Chalmers Mfg. Co. 
Milwaukee 1, Wis. 

Automatic Electric Co., 1033 W. Var 
Buren, Chicago 7 > 

Bradley Laboratories, Inc., 86 Meadow 
New Haven 10, Conn. (Copper Oxide 


Selenium) 
Electronic Rectifiers, Inc., 2102 Spam 
Indianapolis 3, Ind. (Magnesium 


Ave., 
Rectifie 


937A 3S. 


Federal Telephone & 

Dept. 
Schenectady 5, N. Y. 
Sarkes Tarzian, Inc., Rectifier Div., Bloom 
Syntron Company, Homer City, Pa. 

Bo 

868, Pittsburgh 30, Pa. (Copper Oxide 
Milwaukee 1 Wis 
General Dept 


Copper Sulphide) 

Fansteel Metallurgical Corp. 
Div., North Chicago, Ill. (Selenium) 

Radio Corp., 900 
Passaic Ave., E. Newark, N. J 
(Selenium) 
General Electric Co., Apparatus 
(Copper Oxide 
Selenium) 

Mallory Co., Inc., P. R., Indianapoliy 
6, Ind. (Magnesium-Copper Sulphide 
ington, Ind. 

Seletron Div., Radio Receptor Co., Ine. 
251 W. 19 St., New York 14, N. ¥ 
Vickers Electric Div., Vickers, Inc., 180% 
Locust St., St. Louis 3, Mo. 

Westinghouse Electric Corp., P. O. 
Selenium) 

RECTIFIERS, MERCURY ARC 

Allis-Chalmers Mfg. Co., 937A 8. 7 

Electric Co., Apparatus 
Schenectady 5, N. Y. 

Radio Corp. of America, Commercial Ep 
gerg.. Sec. L41R, Harrison, N. J. 

Westinghouse Electric Corp., P. O. Bos 


868, Pittsburgh 30, Pa. 


REGULATORS, MOTOR SPEED. 
Controllers, Motor. 


REGULATORS, TEMPERATURE. 
Thermostats. 


REGULATORS, 


Transformers, 
Acme Electric 
N. ¥ 


Bee 
Bee 


VOLTAGE. See 
Variable- Voltage. 


Corp., 3512 Water, Cuba, 


Allis-Chalmers Mfg. Co., 937A 8S. 176 
Milwaukee 1, Wis 
Burlington Instrument Co., Dept. D1l¢ 
Burlington, Iowa. 
General Electric Co., 
Schenectady 5, } 
R-B-M Division, Essex Wire Corp., Depr 


A-12, Logansport, Ind. 
Raytheon Mfg. Co., Dept. 6460EM, Wal 
P. O. Bos 


alee 


Apparatus Dept 


tham 54, Mass. 
Westinghouse Electric Corp., 
868, Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 


Adams & Westlake Co., 1108 N. Michigas 
Ave., Elkhart, Ind. (Mercury) 

Allen-Bradley Co., 1316 8S. Second, Mi) 
waukee 4, Wis. 

Allied Control Co., Inc., 2 East Ene 
Ave., New York 21, N. Y. 

Allis-Chalmers Mfg. Co., 937A 8. 76 
Milwavkee 1 Wis. 

American Gas Accumulator Co., 1027 
Newark Ave., Elizabeth 3, N. J. 

Amperite Co., 561 Broadway, New York 
12, N. Y¥. (Delay, Thermostatic Meta) 
Bulb Type) 

Arrow-Hart & Hegeman Electric Co., 208 
Hawthorn, Hartford 6, Conn. 

Automatic Electric Mfg. Co., 50 State 
Mankato, Minn. 

Automatic Electric Co., 1033 W. Vas 
Buren Chicago 7, III. 

Automatic Switch Co., 393 Lakeside Ave. 
Orange, N. 

Barber-Colman Co., Rockford, Ill. 

Clare & Co., C. P., 4719 W. Sunnyside 
Ave., Chicago 30, Ill, (Mercury @ 


Micro-adjustment) 
Durakool, Ine., Elkhart, Ind. (Mercury) 
Electric Auto-Lite Co., Toledo 1 Ohio 
Federal Telephone and Radio Corp., 100 
Kingsland Rd., Clifton, N. J. 
General Electric a, Apparatus Dept., 


Schenectady 5, N. ° 
1627-P W. Walnut, 


Guardian Electric, 
Chicago 12, Tl. 
Haydon Co. A. W., 232 North Elm 
Waterbury 20, Conn 
Haydon Mfg. Co., oa: 2526 Elm, Tor- 
rington. Conn. 
Avalon Blvd. 
Belmont Aveé., 


Leach Relay Co., 5915 

Mercoid Corp., 4227 W. 
Chicago 41, Ill. 

Pepper. Inc., J. S., 222-19th, Union City, 

Potter & Brumfield, 215 N. Main, Prince- 
ton, Indiana. 

R-B-M Division. Essex Wire Corp., Dept. 
A-12, Logansport, Ind. 

Signal Engineering & or Co., 154 W. 
14th, New York 11, 

Square D Co., 4051 Ny. Richards, Mil- 
waukee 12, Wis. 

Struthers-Dunn, Inc., 150 N. 13th, Phila- 
delphia 7 Pa. (Mercury) 

Ward Leonard Electric Co., 34 South St. 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., P. O. Bor 
868, Pittsburgh 30, Pa. (Time Delay! 

Weston Electrical Instrument Corp., 
Frelinghuysen Ave., Newark 5, N. J 

Zenith Electric Co., 152 W. Walton. Chi 
cago 10, Tl. 


ELECTRICAL MANUFACTURING 





Kinkless 


Safeguard 





for Removable Parts 


IF your product has removable 
parts which can be mislaid, 
dropped and broken, or lost, 
add usefulness and sales appeal 
at negligible cost by securing 
these parts with Bead Chain. 
Bead Chain provides the ideal 
safeguard for caps, covers, hasp 
pins, wedges, alarm hammers 
and other important parts. 
Strong, light, rust proof, com- 
pletely flexible, it cannot kink, 
bind or jam. Free swiveling 
action makes Bead Chain es- 
pecially adaptable for screw 
type parts. Made in five bead 
sizes, and in all metals and 
finishes. Attachments available 
for every need. For the finest 
retainers specify Bead Chain. 


THE BEAD CHAIN MANUFACTURING CO. 
13 Mountain Grove St., Bridgeport 5, Connecticut. 


Manufacturers of: BEAD CHAIN — the kinkless chain of a thousand uses, 
for fishing tackle, novelty, plumbing, electrical, jewelry and industria! 
products; MULTI-SWAGE — the most economical method of producine 
Trade Mark small tubular metal parts for electronic and mechanical applications. 


















At Last! 
PAPER TUBES 
for Coil Winding up to 
TV2” x TY2"”— 

wall thicknesses 


50,000 
possible 
ARBOR sizes 


IMMEDIATE DELIVERY 
on “STOCK” sizes of 
square and rectangular Di- 
electric Kraft tubes, from 34” 
x 3%” to 1¥%2” x 234”. Round 
tubes 34” 1.D. to 1” I.D. 

Ask about our phenolic impregnated 
tubes. 


ACCURATE PAPER TUBE CO. 


Paper Tubes for Coil Winding 
854 N. Noble St. Chicago 22, Ill. 







































POWER 
RESISTORS 
220 to 1000 WATT 
UNITS 
+ 


SPECIAL POWER 

RESISTORS MADE 

TO YOUR SPECI- 
FICATIONS 


= 7 * 
~ Ve = := ROUND POWER 
HS RHEOSTATS 
50 to 500 WATT 
* te My a 
REX RHEOSTAT CO. 
BALDWIN, N. Y. 


DECEMBER 1950 


| 
| 


| 


Good fasteners 
cost little 


why pay less? 


The REAL cost of a fastener is 
in terms of the final product 
cost. 

But some people will cut 
corners on that small first 
cost—and end up with a 
whopping big cost in assem- 
bly. 

Why take a chance on an 
inferior fastener? 





Scovill Makes 
Good Fasteners 


RECESSED HEAD SCREWS « SEMS «© TAPPING SCREWS 
STANDARD MACHINE SCREWS «¢ SPECIAL COLD HEADED PARTS 


INDUSTRIAL FASTENER SALES, WATERVILLE DIVISION 
SCOVILL MANUFACTURING CO., WATERVILLE 14, CONN 
Montclair, N.J © Detroit « Wheaton, Ill «Los Angeles * Cleveland « San Francisco 








... break down 


SALES RESISTANCE 
with 


ZENITH 


INTERVAL 
TIMERS 


on your new 
products! 




















Exactly time and control any electrical 

equipment from 0 to 60 sec. by seconds, 

to 0 to 60 min. by minutes. For 

e Plastic Molding, Rubber Curing, Heat 
Treating. 

e Enamel Baking, Liquid Agitation, Light 
Exposure. 

¢ Blower, Pump, and Conveyor. 

e Processing Machinery, Samplers, 
Laundry. 

e Therapeutic and Diagnostic Apparatus. 


e Beauty and Photographic Equipment. 
Blue Printing. 


Setting knob directly connected to switch 
cam. (NOT set thru clutch.) Self-starting 
slow speed motor. All working parts com- 
pletely enclosed. 





V2. af } Send for fully descriptive Bulletin 
ZENITH ELECTRIC Co. 
152 West Walton Street Chicago 10, Illinois 
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U your product involves a 
tening operation—wood 
to wood, metal to metal, fabric 
to fabric, composition to com- 
position, or any combination 
ese—you can slash unit 
costs by increasing production 
volume with high speed 
Chicago Rivet Automatic Set- 
ters and Chicago Rivet tubular 
or split rivets. Four rivets are 
automatically fed, inserted and 


Double Rivet 
ie Kivi 

upset at one release of the foot / Setter with 
posal by the quadruple mode! GY a j 5, Adjustable 







AIRPLANE PaRTs 

AUTOMOBILE PaaTs 

BEAUTY PaRion 
EQUIPMENT 

BED SPRINGS 

SELTS © BICYCLES 


cago Rivet Setter. Single, al Canes 
double aon triple setters are mY Cones Canvas Sooo, 
also availab ec. — Cash ReGisteR 
Quick cangnhoogenonel- é count sor 
able as extra equipment, en- KECTRICAL Pants 


: : 

/ able some models to switch quickiy from FHuine eQuioe 
FREaRes 
FOLDING Craigs 
FURNITURE 
GARBAGE Cans 
HARNESS 
INDUSTRIAL Bm 
INSTRUMENTS on 
IRONING BOARDS 
roves 
tans 
LAWN MOWERS 
LEATHER GOODS 
LOOSELEAF 800) 
(UGC AGE = 

Metin SOTTLE Car 
wovecties ATES 
POTS. PANS & Pp, 
euuers  * PANS 


1 one size and style rivet to another. Nearly 
all models clinch grommets, eyelets, staples 
ve screws— 


y and Dzus fasteners and insert 
all automatically. 


FREE FASTENING CLINIC 
yp! 







If your product is small, send us an unfas- 
tened sample. If it’s large, send a sub-assem- 
bly. We will gladly analyze your fastening 
problem, recommend the e rivet and 
Chicago Rivet Automatic Setter needed 
\\ and estimate production rates that can be 


Y set up on the job. 
\ 


RADIC Parts 
REFRIGERATORS 
RUGER GOODS 
SEWING MACHINES 
SHOES © Snares 
STEP LADDERS 
stows 


; NES 
VA.iERS © TOY: 
TYPEWRITERS os 
VENTILATORS 
WASHING MACHINES 



































CHICAGO RIVET & MACHINE CO 


9609 W. Jackson Blvd. Beliwe rf 


Another product made better with 


TTFON cuss YARNS 


Laminated slot wedges are reinforced with fabrics 


made of Vitron glass yarns to give greater physical 
and dielectric strength, dimensional stability and 


the high temperature resistance needed for top 
electrical performance. 


Call us in for helpful consultation and material 

















sources that can mean real production savings and 
a better product. 




































































ELECTRICAL INSULATING MATERIALS 



































REMOTE CONTROLS. See 
ton Stations; 
Switches. 


Push But- 
Relays and Contactors; 


RESINS, INSULATING. See Varnishes, 
Compounds & Resins. 


RESISTANCE ALLOYS 

Driver Co. Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

Driver-Harris Co., Harrison, N. J. 

Hoskins Mfg. Co., 4445 Lawton Ave., De- 
troit 8, Mich. 


RESISTANCE HEATING UNITS. See 
Heating Elements & Units. 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate- 
rials Dept., Bridgeport 2, Conn. 
RESISTANCE WIRE. See Wire, Re- 


sistance. 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4 Wis. 

Amperite Co., 561 Broadway, New York 
12, N. ¥. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Hardwick, Hindle, Inc., Newark 5, N. J. 

international Kesistance Co., 400 WN. 
Broad, Philadelphia, Pa. 

a Co., Inc., P. R., Indianapolis 


6, Ind. 
Ch Bate. Co., 4804 Flournoy, Chicago 


Radio Corp. of America, Commercia] En- 
erg., Sec. L41R, Harrison, N. J. 

Resistors, Inc., 5234 W. 26, Chicago 50, 
Ii. 

Sprague Electric Co., North Adams, Mass. 

Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis. 

Stackpole Carbon Co., St. Marys, Pa. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, NY. 

Weston Electrical Instrument Corp., 582 
Frelinghuysen Ave., Newark 5, N. J. 

Wirt Co., 5231 Greene, Germantown 44, Pa. 


RESISTORS, POWER CIRCUIT 


Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4 Wis. 

General Electric Co., Apparatus Dept., 
Schenectady 5, N. Y. 

Hardwick, Hindle, Inc., Newark 5, N. J. 

International Resistance Co., 409 N. 
Broad, Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 


6, Ind. 
Cheats Mie. Co. 4804 Flournoy, Chicago 


Resistors, Inc., 5234 W. 26, Chicago 50, 

Rex Rheostat Co., Baldwin, N. Y. 

Sprague Electric Co., North Adams, Mass. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 


RHEOSTATS, INSTRUMENTS and 
RADIO 


Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. 

Amperite Co., 561 Broadway, New York 
12 N. Y. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. H. 

— Mfg. Co., Lake at 4th, Racine, 

8. 

Hardwick, Hindle, Inc., Newark 5, N. J. 

International Resistance Co., 409 N. 
Broad, Philadelphia 8, Pa. 

Mallory & Co., Inc. P. B., Indianapolis 


6, Ind. 
Ohmite Mfg. Co., 4804 Flournoy, Chicago 
44, TL 


Rex Rheostat Co., Baldwin, N. Y. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 

Wirt Co., 5231 Greene, Germantown 44, Pa. 


RHEOSTATS, POWER CIRGUIT 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4, Wis. 

Electrical Mfg. Co. Lake at Fourth, 
Racine, Wis. (Foot & Knee Control) 

General Electric Co., Apparatus Dept., 
Schenectady 5, N. Y. 

Hardwick, Hindle, Inc., Newark 5, N. J. 

International Resistance Co., 409 N. 
Broad, Philadelphia 8, Pa. 

National Electric Controller Co., 5 
Ravenswood Ave., Chicago 40, Til. 

Chatty Te. Co., 4804 Flournoy, Chicago 


Rex Rheostat Co., Baldwin, N. Y. 

Ward Leonard Electric Co., 34 South. 
Mount Vernon. N. Y¥. 

Westinghouse Electric Corp., P. O. Bos 
868, Pittsburgh 30, Pa. 


RINGS, COLLECTOR 

Baker & Co., Inc., 113 Astor, Newark 5. 
N. J. (Precious Metal) 

General Plate Div., Metals & Controls 
Cerp., 412 Forest, Attleboro, Mass. 


(Precious Metal) 
Makepeace Co., D. E., Attleboro, aoe. 
1 


Toledo Standard Commutator Co., 
Beehler, Owosso, Mich. 

Wesche Electric Co., B. A., 1626-22 Vine 

Cincinnati, Ohio. 


RINGS, RETAINER and SNAP 


Associated Spring Corp., Bristol, Conn. 
Cuyahoga Spring Co., 10251 Berea Bd 
Cleveland 2, Ohio. 





Garrett Co., Inc., George K., Tioga & D., 
Philadelphia 34, Pa. 

Waldes Kohinoor Inc., 47-16 Austel Plaee, 

ae EM-112, Long Island City 1, 


RIVET SETTING MACHINES 

Chicago Rivet & Machine Co., 9609 W. 
Jackson Blvd., Bellwood, Ill. 

RIVETS. See Fasteners. 


ROLLER BEARINGS. See Bearings, BaB 
and Roller. 


RUBBER and RUBBER PRODUCTS 


American Hard Rubber Co., 11 Mercer. 
New York 13, N. Y. 

General Electric Co., Chemical Dep. 
8-11, 1 Plastics Ave., Pittsfield, Macs 

Lord Mfg. Co. Erie. Pa. 

Stalwart Rubber Co., 12197 Northfield 
Rd., Bedford, Ohio. 


U. 8. Rubber Co., Mockefeller Center, 
New York 20, N. ¥ 


Van Cleef Bros., Inc., 7800 Woodlaws 
Ave., Chicago 19, Ill. 


RUST PREVENTIVE COATING 


Dearborn Chemical Co., 310 8. Michigas 
Ave., Dept. EM, Chicago 4, Ill. 


SAWS COMMUTATOR. See Commutater 
Saws and Slotters. 


SCREW DRIVERS, PORTABLE. See 
Tools, Portable. 

SCREW-DRIVING MACHINES 

Detroit Power Screwdriver Co., 2817 W. 
Fort, Detroit 16, Mich. 

Keller Tool Co., Grand Haven, Mach 
(Pneumatic. ) 

SCREW MACHINE PRODUCTS. (Se: 


also Fibre; Plastics.) 


Aluminum Co. of America, 2142M Gulf 
Bidg., Pittsburgh 19, Pa. 

Allmetal Screw Products Co., Inc., 88 
Greene, New York 13, N. Y. 

Blake & Johnson Co. Waterville 14, Cona. 

Hassall, Inc., John, 402 Oakland, Brook- 
lyn 22, N. Y. 

Linden & Co., Inc., 70-82 Baker, Provi- 
dence, R. 1. 

National Acme Co., 176 E. 131st, Cleve- 
land 8, Qhio. 

Steinen Co., +a F., 69 N. J. BE. B. Ave., 


Newark 5, N 
Stimpson Co., Inc., Edwin B. 423 Pars 


Ave., Brooklyn 5, N. Y. 


SCREWS. See Fasteners. 


SEALING COMPOUNDS. See Cements 
Insulating & Sealing; Waxes and Com- 
pounds. 


SEALS and TERMINALS, HERMETIO. 


General Electric Co., Apparatus Dept.. 
Schenectady, N. Y. (Glass Bushings) 
Stupakoff Ceramic Mfg. Co., Latrobe, Pa 


SEALS, OIL and GREASE 


Felt Products Mfg. Co., 1536 Carroll Ave., 
Chicago 7 Ill. 
Garlock Packing Co., Palmyra, N. Y. 


SELENIUM RECTIFIERS. See Rectifiers, 
Dry Metallic. 


SHEETS, ELECTRICAL. See Steel, Blee- 
trical. 


SIGNAL DEVICES 


Signal Engineering & Mfg. Co., 154 W. 
14, New York 11, N. Y. 


SIGNAL LIGHT ASSEMBLIES. See 
Lights, Pilots and Indicator. 


SILICONES 
General Electric Co., Chemical Dept., 
8-11, 1 Plastic Ave., Pittsfield, Mass. 


my Electric Coil Co., Columbus 16, 
0. 

Taylor Fibre Co., Dept. EM11, Norris- 
town, Pa. 


SILVER and SILVER ALLOYS. (See alse 
Contacts and Contact Points.) 
For Solder, see Brazing Alloys, Silver 


ae & Co., Inc., 113 Astor, Newark 5, 


Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. Y. 
Fansteel Metallurgical Corp., North Chi- 


cago, Ill. 
General Plate Div., Metals and Controls 
Corp., 412 Forest, Attleboro, Mass. 
Graphite Metallizing Corp. 1059 Nepper- 

han Ave., Yonkers 3, N. Y. 
9 [, 5 ee 82 Fulton, New York 
Makepeace Co., D. E., Attleboro, Mass. 


Mallory & Co., Ine., P. B., Indianapolis 


6, Ind. 
Ney Co., J. M., 871 Elm, Hartford 1, 
Conn. 


SLEEVE BEARINGS, See Bearings and 
Bushings. 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chieago 6, Ill. 


ELECTRICAL MANUFACTURING 















tHE RIGHT BALL 
noeree: Let Strom Help You 


Not only in precision ball bearings, 
but in countless other places, Strom 
has found that the right ball will 
do the iob better. Maybe your 
problem can be solved with the 
use of the proper ball. Why not 
take it up with Strom. 

Strom has been making precision 
metal balls for over 25 years for 
all industry and can be a big help 
to you in selecting the right ball 
for any of your requirements. 
In size and spherical accuracy, 
perfection of surface, unitormity, 
and dependable physical quality, 
there’s not a better ball made. 




















Largest Independent and Ex 


Metal Ball Manufacturer 


DYNAMOTORS 


SHADED POLE MOTORS 
(2-4-6 pole motors) 
CONDENSER TYPE MOTORS 
AC-DC UNIVERSAL MOTORS 
DC MOTORS 
DC PERMANENT MAGNET MOTORS 

























SPECIALISTS IN BUILDING ROTARY or GENERATORS 
ELECTRICAL EQUIPMENT TO MEET . ac PERMANENT MAGNET ROTOR ‘ . , 
THE ARMED FORCES SPECIFICA- GENERATORS quare + Rectangular 






TIONS. ¢ GENERATORS Triangular + Round 
Half-Round 

ELECTRO ENGINEERING PRODUCTS CO., INC. siesiai elaine 

4824 W. Kinzie Street, Chicago 44, Illinois ments with PARAMOUNT 

... because you benefit from 

PARAMOUNT ’S coil- 


proved design and construc- 
tion—vast range of stock ar- 


G EARS bors—wide experience in 
engineering special tubes! 
Small and Medium Hi-Dielectric. Hi-Strength. 


é Kraft, Fish Paper, Red Rope, 
SPURS SPROCKETS THREAD a a or any combination wound 
ror 






























(internal GRINDING On automatic machines. 
and external) RACKS commen Tolerances + .002’. 





RM 5 

ates Bin ie NEW! Shellac bonded Kraft tubing 
I is is s 
BEVELS GEARS ae for absolute moisture resistance 





Send us your blue- brints for estimate 


LETTERHEAD FOR 


PAPER TUBE CORP. STOCK ARBOR 


612 Lafayette St., Fort Wayne, Ind. BAA Bge Ass, 
1000 SIZES 




















1035 PARMELE ST. ROCKFORD, ILLINOIS Mfrs. of Paper Tubing for the Electrical Industry 





DECEMBER 1950 










































































PRECISION BRONZE 


BUSHINGS 








The Randall line of ready-to-use bronze bushings 
has many outstanding features to make a hit with 
men responsible for keeping shut-down costs to a 
minimum. Randall Bushings are designed for easy 
assembly and are made from Randall’s Graphitic 
Cast phosphor bronze which meets SAE 660 specifi- 
cations. Each bushing is a product of exacting 
foundry practice and precision machining. Ground 
finish outside diameter prevents distortion . . . 
definite concentricity reduces wear . . . assures proper 
alignment. Best of all Randall’s are cheaper to buy 
than bushings you make for yourself. Write today 
for Randall catalog No. 100 which lists all stock 
bushing sizes and prices. You'll like Randall's 
prompt, efficient service. 










PILLOW BLOCKS 
BUSHINGS 
BAR STOCK 


GRAPHITED BEARINGS 
THRUST WASHERS 

BABBITTS 
SAFETY COLLARS 








| 














211 EAST MARKET STREET LIMA, OHIO 
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Pape east, Box 290, New York 16 


Mitchel-Rand Insulation Co., 

Murray, New York 7, N. Y. 

—— Electric Coil Co., Columbus 16, 
0. 


Inc., 5) 


SLEEVING, SATURATED. See Tubing 
& Sleeving, Braided Fabric. 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J. 


| SLOT INSULATION. See Fabrics. Insul- 


ating; Mica; Paper, Insulating, Tubing 
& Sleeving, Braided Fabric. 


SLOTTERS, MICA. 


See Commutator, 
Saws and Slotters. 


SOCKETS and ADAPTERS, RADIO. See 
Plugs and Receptacles. 


SOCKETS and RECEPTACLES, LAMP 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorn, Hartford 6, Conn. 

Dial Light Co. of America, 900 Broad- 
way, New York 3, N. Y. 

Drake Mfg. Co., 1713 W. Hubbard 8t., 
Chicago 22, Ill 


| General Electric Co., Construction Mate- 


rials Dept., Bridgeport 2, Conn. 
Joy Mfg. Co., Mines Equipment Div., 
ay W. Oliver Bldg., Pittsburgh 22 


a. 

Kulka Electric Co., Dept. T, 80 South, 
Mt. Vernon, N. Y. 

Mines Equipment Co., 4223 Clayton Ave., 
St. Louis 10, Mo. 


SOCKETS, FLUORESCENT. See Fluo- 
rescent Lamp Auriliaries. 


SOCKET SCREW KEYS and 
WRENCHES 


Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 
Box 594, 


Standard Pressed Steel Co., 
Jenkintown, Pa. 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquid, Salts, ete.) 


ew Battery & Mfg. Co., North East, 


a. 

General Electric Co., Chemical Dept. 8-11 
1 Plastics Ave., Pittsfield, Mass. 

Handy om 82 Fulton, New York 


Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, IIL 

Netional Electric Coil Co., Columbus 16, 
Ohio. 


SOLDERING IRONS 


General Electric Co., Section E668-67, 
Apparatus Dept., Schenectady 5, N. Y. 

Hexacon Electric Co., 177 W. Clay Ave., 
Roselle Park, N. J. 

Ideal Industries, Inc., 1008 Park Ave., 


Sycamore, Ill. 

Stanley Tools, 183 Elm, Britain, 
Conn. 

Vulean Electric Co., Danvers 2, Mass. 

Wasserlein Mfg. Co., Inc., 7400—38rd 


Ave., N., St. Petersburg 6, Fla. 
= Electric Corp., 830 Packer, Easton, 


New 


SOLDERLESS CONNECTORS. See Con- 
nectors, Wire & Cable. 


SOLDER PRE-FORMS. 
ing Alloys, Silver.) 
Federated Metals Div., American Smelting 
S apaains Co., 120 B’way., N. Y. 5, 


Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, 1, 


(Also See Braz- 


| SOLDER, SELF-FLUXING 


(For Silver Solders, See Brazing Alloys) 


Federated Metals Div., American Smelt- 
7s & a Co., 120 Bway., N. Y. 

Kester ‘Solder Co., 4209 Wrightwood Ave.. 
Chicago 39, IIL 


SOLENOIDS 


Automatic Electric Corp., 
Buren, Chicago 7, Il. 


1033 W. Vap 


Cannon Electric Development Co., Dept 
ae 3209 Humboldt, Los Angeles 31 
alif. 

Davis & Co., Dean W., 1006 First, Kens 
land, Ind. 

Electric Auto-Lite Co., Toledo 1, Ohio 

General Electric Co., Apparatus Dept. 
Schenectady 5. N. Y. 

Guardian Electric, 1627P W. Walnut St. 
Chicago 12, Ill. 

Leland G. H., Inc., 111 Webster, Dayton 
2. Ohio. 

National Acme Co., 176 E. 131st, Cleve 
land 8, Ohio. 


R-B-M Div... Essex Wire Corp., Dept 
A-12, Logansport, Ind. 
Soreng Mfg. Corp., Dept. M-120, 9555 


Eaen Ave., Schiller Park, III. 
Struthers-Dunn, Inc., 150 N. 13th, Phils 
delphia 7, Pa. 


SPEED INDICATORS, See Tachometers 


SPEED REDUCERS 
For Motorized Units, See Motors. 


Allis-Chalmers Mfg. Co., 937A 8. 170 
Milwaukee 1, Wis. 


dogette 2s. Co., 566 W. Monroe, Chicage 


Ohio Gear Co., 1358 E. 179, Cleveland 
10, Ohio. 


SPRINGS, COIL and FLAT 


Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Ill. 

American Steel & Wire Co., Cleveland 
13, Ohio. 

Associated Spring Corp., Bristol, Conn 

Barnes Co., Wallace (Div. Associateo 
Spring Corp.), Bristol, Conn. 

Barnes-Gibson-Raymond, Div. Associated 
Spring Corp., 6400 Miller Ave., Detroit 
1l, Mich. 

Cuyahoga Spring Co., 10251 Berea Rd 
Cleveland 2, Ohio. 

Dudek and Bock, 2100 W. Fulten, Dept 
E-1, Chicago 12, Ill. 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

Garrett Co., Inc., George K., Tioga & D 
Phila. 34, Pa. 

Gibson Co., William D. (Div. Associated 
Spring Corp.), 1800 Clybourn Ave 
Chicago 14, IIL 

Mechanical Laboratories, 30 Main, 
Brooklyn 1, N. Y. (Beryllium Copper) 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Ill. 

Ohio Div., Associate Spring Corp., 1719 
East First St., Dayton, Ohio. 

Raymond Mfg. Co., Div. Associatee 
Spring Corp., Corry, Pa. 

U. 8S. Steel Wire Spring Co., 7800 Finnes 
Ave., Cleveland 5, Ohio. 

Wickwire Spencer Steel Div., The Cole 


rado Fuel & Iron Corp., 2 New Bond 
Worcester 6, Mass. 


STAINLESS STEEL. See Steel, Commer 
cial Forms and Grades. 


STAMPINGS, METAL 


Accurate Spring Mfg. Co., 3817 W. Laxe, 
Chicago 24, Ill. 
Alden Products Co., 117 North Maia, 

Brockton 64EM, Mass. 
Allied Products Corp., Dept. B-38, 12648 
Burt Rd., Detroit 23, Mich. 
Aluminum Goods Mfg. Co., Manitowos 
Waterbury Brase 


Wise. 

American Brass Co., 
Goods Branch, Waterbury 20, Conn. 

Barnes Co., Wallace (Div. Associated 
Spring Corp.), Bristol, Conn. 

Barnes-Gibson-Raymond, Div., Associated 
Spring Corp., 6400 Miller Ave., Detroit 
11, Mich. 

Chase Brass & Copper Co., Dept. EM2* 
Waterbury 20, Conn. 

Dudek and Bock, 2100 W. Fulton, Dept 
E-1, Chicago 12, Ill. 

Dunbar Bros. Co. (Div. Associated Sprim 
Corp.), Bristol, Conn. 

Electric Auto-Lite Co., Toledo 1, Ohi 

Garrett Co., Inc., George K., Tioga & D 
Phila. 34, Pa. 

Geuder, Paeschke & Frey Co., 1525 W 
St. Paul Ave., Milwaukee 3, Wis. 
Gibson Co., William D. (Div. Associates 
Spring Corp.), 1800 Clybourn Ave.. 

Chicago 4, Ill. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Lee Mechanical Laboratories, 30 Main 
Brooklyn 1, N. Y. 

Linden & Co., Inc., 70-82 Baker, Provi 
dence, R. I. 

Ohio Div., Associated Spring Corp., 1719 
East First St., Dayton, Ohio. 

Patton-MacGuyer Co., Edgewood Sts 
Providence 5, R. I. 

Popper, Inc., J. 8., 222 Nineteenth 
Union City, N. J. 

Raymond Mfg. Co. (Div. Associated Spring 
Corp.), Corry, Pa. 

Revere Copper & Brass, Inc., 230 Parb 
Ave., New York 117, N. Y. 

Reynolds Metals Co., Parts Div. (Alu- 
minum), 2055 So. Ninth, Louisville 1 
Ky. 

Shakeproof, Inc., 2501 Keeler Ave., Chi 
cago 39, Til. 

Steinen Co., Wm. F., 69 N. J. B. RB. Ave.. 
Newark 5, N. J. 

Stimpson Co., Inc., Edwin B., 423 Part 
Ave., Brooklyn 5, N. Y. 

Wenco Mfg. Co., 1136 West Hubbard. 
Chicago 22, I, 


STAMPINGS, NON-METALLIC 


Richardson Co., 2799 Lake St., Melrose 
Park, Ill. 


STARTERS, FLUORESCENT 
See Fluorescent Lamp Auriltaries. 


STARTERS, MOTOR. See Controllers 
Motor; Push Button Stations. 


STEATITE. See Ceramics. 


STEEL—Commercial Forms and Grades. 


Alloy (A) 
Bars (B) 
Carbon (C) 
Coated (D) 
Sheets and strips (8) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only (O) 
Tubing (T) 


(See also Steel, Electrical) 


American Steel & Wire Co., Cleveland 


13, Ohio. 

Barnes Co., Wallace (Div. Associated 
Spring Corp.), Bristol, Conn. (S8-CO) 
(Spring) 
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Miniaturized AC Outlets add 
an Important PLUS Feature to 
Your Product... 


Television sets, radios, radio clocks 

. electrical appliances and in- 
struments have an added selling 
extra when built with a conven- 
ience power outlet. The Alden 
Convenience AC Power Outlet 
is designed to add this im- 
portant plus feature to your 
product with the least 
amount of effort and cost, 










402ACE 


single mounting | The Alden 402AC Series are the 
plate — solder ter- one ° 

minals— UL ap- | smallest auxiliary outlets avail- 
proved for 10 amps | able . .. require mounting cen- 


at 250 volts or 15 
amps at {25 volts. 


ters of only 1144” using eyelets 
or #6 screws. The rugged steel 
mounting plate has no molded 
ears to break in shipment, stor- 
age or after assembly. Solid 
back molding completely elim- 
inates danger of clips pushing 
out. Rivets or eyelets to chassis 


402ACF 


double mounting 
piate — solder ter- 
minails— UL ap- 
proved for 10 amps 
at 250 volts or 15 
amps at 125 volts. 


402ACFL 


double mounting | with conventional production 
plate — leads for c "4 : .. f: 
wiring dircetly to | tools. Where space is a factor, 


your circuit ele- 
ments or for use 


with wire nuts. 


Alden miniaturized AC outlets 
are finding wide application in 
many government designs. 


quotes and delivery schedules. 





Send for samples, 


Ci>fitpen Propucts Company 


we Brockton 64EM, Mass. 










117 N. Main Street, 





DYKEM STEEL BLUE | 


STOPS 
LOSSES 


making dies 
& templates 


Simply brush on right 
at the bench; ready 
for the layout in a 
few minutes. The 
dark blue background 
makes the scribed lay- 
out lines show up in 
sharp relief, and at 
the same time prevents metal glare. Increases efficiency and accuracy. 


Write for full information 


THE DYKEM COMPANY, 2303F North 11th St., St. Louis 6, Mo. 








CUT COSTS WITH 


PLASTURBO 
BLOWER WHEELS! 


PLASTURBO blower wheels give you light 
weight, less noise and increased efficiency. 
Dimensional stability and uniform concen- 
tricity assure smooth, vibrationless operation. 
injection molded in one piece of thermo-setting 
plastic material for strength and durability. 








Send for samples of sizes now available. For 
quotations send prints or samples. 


APPLIANCE MFG. CO. 
CT Na eet i iy 


DECEMBER 1950 


LL 
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MILLDALE, CONN. 





GET DEPENDABLE 


POWER 


FROM 2Z0zfeR 
SPECIAL APPLICATION MOTORS 


® The majority of our motors are produced to meet the 
precise operating needs of manufacturers whose basic 
product design or end-use requires special features. 





Weare providing such service promptly to many leading 
names in industry, and would be pleased to consult with 
you on your motor design problems. 

Write for complete information and prices. 


58 NORTH THIRD STREET 
CEDARBURG, WISCONSIN 


ELECTRO 


MACHINES, INC. 


FROM 1/20 
to 2H.P. 
















Standard or De- 
signed to Your 
Specifications 
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~ OVER 40,000 


now in use 


Overly-Hautz All Steel adjustable motor slide 
bases are manufactured to fit NEMA standard 
motor frame sizes 203 to 505. Other sizes can 
be made to specification. 

No additional machining or assembling is 
necessary. Each Overly-Hautz motor base is 
shipped ready for installation including cad- 
mium plated bolts for mounting motor. 


QUANTITY PRODUCTION 


makes for low costs and prompt 
delivery . 































































































































































































































































































Carnegie-Illinois Steel Corp., 2109 Car- 
negie Bldg., Pittsburgh 30, Pa. *“‘USS.’ 
(S-ACDN) (T-ACN 

Columbia Steel Co., San Francisco, Calif. 

Driver Co., Wilbur B., 150 Riverside Ave 
Newark 4, N. J. (Stainless Steel Wire) 

Eaton Mfg. Co., Reliance Div,, Massil- 
lon, Ohio. 

National Tube Co., Pittsburgh, Pa. 

ee Sens Co., John A., Trenton 2, 

Ryerson & Son, Inc., Joseph T., Chicago, 
Ill. ‘\(ABCDENST) 

Sharon Steel Corp., Sharon, Pa. 
(ACDTNS) 

Superior Steel Corp., Carnegie, Pa. 
(ADNS) (Spring) 
Tennessee Coal, Iron 
Sirmingham, Ala. 


& Railroad Co., 


STEEL, — (Silleon) 
Sheets and Str 

Carnegie-Illinois ‘Geet Corp., 2109 Car 
negie Bidg., Pittsburgh 30, Pa. (B-AC 

ae & Son, Inc., Joseph T., Chicago 


Sharon Steel Corp., Sharon, Pa. 


STRAIN RELIEFS. See 


Grips an 
Clamps, Strain Relief. 


STRIPPERS, WIRE 


Artos Engrg. Co. Dept. EM, 2739 S. 28th 
Milwaukee 7, Wis. 
1008 Park Ave., 


Ideal Industries, Inc., 
Sycamore, Ill. 

Wenco Mfg. Co., 1136 West Hubbard, 
Chicago 22, Ill. 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland, Ohio. 

STRIPPING COMPOUNDS. See Clean- 
ing Compounds, Metal. 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


Aircraft-Marine Products, 1504 N. 
Fourth, Harrisburg, Pa. 

Alden Products Co., 117 North Main, 
Brockton 64EM, Mass. 

ae. pees Co., Inc., New York 

Chase Brass & Copper Co., Dept. EM 
250, Waterbury 20, Conn. 

Federal Telephone and Radio Corp., 100 
Kingsland Rd., Clifton, N. J. 


Hart Mfg. Co., 211 Bartholomew Ave., 
Hartford 1, Conn. 


Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 


Inc., 


Kulka Electric Co., Dept. T, 30 South, 
Mt. Vernon, N. Y. 
Soreng Mfg. Corp., Dept. M-120, 9555 


Eden Ave., Schiller Park, ll. 
SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (C) 
Mercury (D) 
Pressure (Diaphragm) mY 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L) 


Heater (Series Multiple) (M) 
Jack, Key and Lever (N) 
Panel (0) 
Push Button Snap 

(Toggle Slide, Rotary) (P) 


Remote Control (R) 
Selector (Rotary Tap) (8) 
Through-Cord Snap (T) 
Centrifugal (xX) 


(See also Circuit Breakers; Push But- 


ton Stations; Controllers, Motor; Re- 
lays; Timers) 
Acro Manufacturing Co., Acro Switch 


ra 2040 E. Main, Columbus 16, Ohio 

(B) 

Acro Manufacturing Co., Mu Switch Div., 
Canton, Mass. (B) 


Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. (ACEFJPR) 

Allied Control Ce., Inc., 2 East End Ave., 
New York 21, N. Y. (CDGHR) 

Allis-Chalmers Mfg. Co., 937A 8. 10 

an ae ae Wis.  . n 
mo 4 o., 477 Washington, ow 
ark 5, N. J. (D) 

Arrow-Hart & Hegeman Electric Coe. 
1083 _ Hawthorn, Hartford 6, Conn. 


(ACDHEKMPRT) 

Automatic Electric Mfg. Co., 50 State, 
Mankato, Minn. (GR) 

Automatic Electric Corp., 1088 W. Van 
Buren, Chicago 7, Ill. (HLNR) 

Automatic Switch . Co., 3 Lakeside 
Ave., Orange, N. J. (HLNR) 

Clare & Co., C. P., 4719 W. Sunnyside 
Ave., Chicago 39. Ill. (N) 

Durakool, Inc., Elkhart, Ind. (D) 

Eagle Signal Corp., 202—20th, Moline 1, 


Th. (@) 
Electro Switch Corp., 167 King Ave., 


Weymouth 88, Mass. (HOS) 

Faseo Industries, Inc., 100 Augusta. 
Rochester 2, N. Y. (EJ) 

Federal Telephone and Radio Corp. 
100 Kinesland Rd4., Clifton, N. J. (NF 

Fenwal, Inc., 112 Pleasant, Ashland, 
Mass. (F) 

General Liectric Co., Section 956-76 


Apparatus Dept., Schenectady 5, N. V 
(ABCDEFGHIJKMNOPRST) 
Guardian Electric, 1627-P W. 
Chicago 12, Ill. (“FGHN) 
Hart Mfg. Co., 211 Bartholomew Ave. 
Hartford 1, Conn. (FLMP) 
Haydon Mfg. Co., Inc., 2526 Elm, Tor- 
rington, Conn. (G) 


Walnut St., 








Heinemann Electric Co., yy Pium, Trenton, 
1008 Park Ave., 
Sycamore, Ill, 


Joy Mfg. Co., Mines Equipment Diy., 
panty W. Oliver Bidg., Pittsburgh 23, 


- J. (O) 
Ideal Industries, Inc., 
(L) 


Leland, G. H., Inc., 111 Webster, Day- 
ton 2, Ohio. 

Mallory & Co., Inc., P. B., Indianapolis 
6, Ind. (GNPS) 


Master Electric Co., Dayton 1, Ohio, (f 

Mechanical Industries Production Co., 
217 Ash, Akron 3, Ohio. 

Mercoid Corp., 4227 W. Belmont Ave., 
Chicago 41, Ill. (ABCDEF) 
Micro-Switch Div., Minneapolis-Honey 


well Regulator Co., Freeport, 
(BFLS) 
Minneapolis-Honeywell Regulator Co., In 
dustrial Division, 4466 Wayne Ave.. 


Philadelphia 44, Pa. 

Murray Mfg. Corp., 1250 Atlantic Ave. 
Brooklyn 16, N. 

National Acme Co., 176 E. 131st, Cleve- 
land 8, Ohio. (BP) 

Ohmite Mfg. Co., 4804 Flournoy, Chi. 
cago 44, Ill. (8) 


R-B-M Division, Essex Wire Corp. 
Dept. A-12, Logansport, Ind. 
Robertshaw Thermostat Div., Robertshaw- 


— Controls Co., Youngswood, Pa 

) 

Sangamo Electric Co., Springfield, I! 
Soreng Mfg. Corp., Dept. M-120, 9555 
Eden Ave., Schiller Park, Ill. 

Spencer Thermostat Div. of Metals & Cor 
trols Corp., 112 Forest, Attleboro, Mass. 


Square D Co., 4041 N. Richards, Mu 
waukee 12, Wis. (ABCEFLOPR) 

—- Carbon Co., St. Marys, Ps 
( 


) 
Struthers-Dunn, Inc., 150 N. 18th, Phil 


adelphia 7, Pa. 
Telechron, Inc., 200 Union St., Ashland, 
1823 N. Monitor 


Mass. (G) 

Tuttle & Kift, Inc., 
Ave., Chicago 89, Ill. (M) 

Ward Leonard Electric Co., 34 
Mount Vernon, N. Y. (CGHOR) 

Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. (ABC DEFGH- 
OPRS) 

Wirt Co., 5231 Greene, Germantown 44, 
Pa. (PS) 

Zenith Electric Co. 152 W. Waltes 
Chicago 10, Till. (HR) 


TACHOMETERS 


a ag 153 Bristol Rd., Waterbury 
20, Conn. 
Electric Auto-Lite Co., Toledo 1, Ohio. 


South, 


General Electric Co., Apparatus Dept.. 
Schenectady 5, N. Y. 
Ideal Industries, Inc., 1008 Park Ave 


Sycamore, Ill. 
Jones Motrola Corp., 436 Fairfield Ave.. 
Stamford, Conn. 
Reliance Electric & Engineering Ce.. 
1054 Ivanhoe Rd., Cleveland 10, Ohie. 
Veeder-Root, Inc., Hartford 2, Conn. 
Weston Electrical Instrument Corp., 589 
Frelinghuysen Ave., Newark 5, N. 


TAGS, TERMINAL 


National Band & Tag Co., Dept. 9-246 
Newport, y. 

National Varnished Products Corp., 207 
Randolph Ave., Woodbridge, N. J. 
TAPE, ADHESIVE and COIL 
FASTENING 

Armstrong Cork Co., 9512 Arch, Lan- 
caster, Pa. 

Industrial Tape Gap. Dept. 7S, New 
Brunswick, N. 

Insulation a Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 
Minnesota Mining & Mfg. Co., St. Pau? 
6, Minn. 

Mitchell-Rand Insulation Co., Inc., 51 
Murray, New York 7, N 


ae 4 
Van Cleef Bros., Inc., 7800 Woodlawn 
Ave., Chicago 19, TIl. 


TAPE, ELECTRICALLY CONDUCTIVE 
See Fabrics, Electrically Conductive. 


TAPE, INSULATING. See Fabrics, In- 
sulating; Sleeving and Tape, Asbestos: 
Tape, Friction and Splice: Tape & 
Sheeting. 


TAPE, FRICTION and SPLICE 


Accurate Mfg. Co., 44 Hepworth 
Garfield, N. J. 

Insulation Manufacturers Corp.. 565 W. 
Washington Blvd., Chicago 6, Tl. 
Irvington Varnish & Insulator Co., Irving- 

ton 11, J. 
Johns - Manville, Box 290, New York 16, 
se FH 


Minnesota Mining & Mfg. Co., St. Paul 6, 
Minn. 

Mitrhell-Rand Insulation Co., Inc., 5? 
Murray, New York 7, N. Y. 

National Electric Coil Co., Columbus 16, 
Ohio. 

Okonite (o.. Passaic, N. J. 

U. 8. Rubber a Rockefeller Center, 


New York 20. . 
Van Cleef Bros., Inc., 7800 Woodlawn 


Ave., Chicago 19, Ill. 

TAPE, MICA. See Mica. 

TAPE and SHEETING, SYNTHETIC 
RESIN 


Place, 


du Pont de Nemours & Co., Inc., E. L., 
Plastics Dept., 350 Fifth Ave., New 
York 1, N. Y. 

Irvington Varnish & Insulator Co., Irv- 
ington 11, NJ. 

National Varnished Products Corp., 207 
Randolph Ave., Woodbridge, N. J. 

New Jersey Wood Finishing Co., Electri- 
cal Insulation Dept., Woodbridge. N. J 
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230 Park Avenue, New York, N. Y 35 E. Wacker Drive, Chicago, Ill 


le hrous Gl! Grille 


Wel 


SAVER FOR USE with 


SS, SAUEREISEN ‘enenr No.7 


CEMENT —. 

Metal grids on waffle irons and grills coated with 
Sauereisen No. 7 absorb, rather than reflect heat, increasing 
efficiency and preventing damage to table tops, etc. Also for 
assembling, embedding, insulation. Write for indexed price 


chart. 
$4l8 


TRIAL 1 GALLON FOR ONLY 
SETAC CM Me eB 


Test under your own conditions 


ORDER 


To/CHECK SPEEDS periopicaLLy 
To SHOW SPEEDS continuously 


USE JONES TACHOMETERS 


write for Catalog [ZTE 


JONES MOTROLA CORP. 
STAMFORD y CONN. 


DECEMBER 1950 


UNIFORM QUALITY 


‘NW 


PORCELAIN 
INSULATORS 


The quality of any insulator is the sum of its desired 
characteristics. Universal Porcelain Insulators have a 
uniform body density. They are held to close dimension 
tolerances. They have high dielectric and physical 
strength. They withstand temperature extremes, mois- 
ture, fumes, acids and corrosion. The sum of these 
characteristics repeated in piece after piece adds 
up to the Uniform Quality for which Universal Insu- 
lators are so widely known and used. A Universal 
insulator engineer will be glad to work with you. 


mae UNIVERSAL 


1560 EAST FIRST STREET 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 


PETS cS AA 


OUTSTANDING PERFORMANCE 
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TEMPERATURE? 


SILICONE RUBBER PARTS WITHSTAND 
TEMPERATURES UP TO 500° F. 


Design and production engineers now 

can specify rubber parts for high tem- 
perature applications in electric motors, gen- 
erators, transformers, jet and reciprocating 
engines, die casting machines, industrial 
ovens, oil burners, etc. 
The answer to the old problem of Rubber vs. 
Heat is the wide variety of Silicone rubber 
parts fabricated to exacting specifications by 
STALWART. As one of the country’s leading 
Silicone converters, Stalwart molds, extrudes 
and die-cuts thousands of parts daily for 
applications that “run a temperature.” 


Write today for complete information. 


eee aaa 114 ae te BY 
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@ The wide selection of SILVER- 
SOLDERED, VITREOUS-ENAM- 
ELED resistors—STANDARD or 
SPECIALS—in all sizes and rat- 
ings available from Resistors, Inc., 
guarantees an exact answer to 
specific requirements. They are of 
the highest quality, accurately 
rated, and ruggedly constructed 
. . . and are proved by perform- 
ance for top efficiency and long- 
est life. Make it a habit to specify 
Resistors by Resistors, Inc. for 














Consult us 
today 
on your special 
resistor problems 
for cost-cutting 
recommendations 


unfailing dependability! 






* 5234 West 26th Street « Chicago 50, Illinois 











TAPE, MAGNETIC RECORDING 
See Magnetic Recording Tape. 


TAPES, MEASURING 


Keuffel & Esser Co., Hoboken, N. J. 


TEMPERATURE CONTROLS 
See Switches; Thermostats. 


TERMINAL BLOCKS. See Strips. 


TERMINALS. See Lugs and Terminals. 


TESTING 
ments. 


THERMAL SWITCHES. See Switches. 


INSTRUMENTS. See Instru 


THERMOCOUPLES 

ape & Co., Inc., 113 Astor, Newark 5. 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 

General Electric Co., Apparatus Dep, 
Schenectady 5, N. Y. 

Hoskins Mfg. Co., 4445 Lawton Ave., De 
troit 8, Mich. 

Minneapolis-Honeywell Regulator Co., In 
dustrial Division, 4466 Wayne Ave 
Philadelphia 44, Pa. 

Rockvestos Products Corp., New Haven 
4, Conn. 


= Electric Co., Dept. N, Fairlawn, 


Westinghouse Electric Corp., P. O. Boz 
868, Pittsburgh 30, Pa. 


THERMOMETERS 


Electric Auto-Lite Co., Toledo 1, Ohio 

TAGliabue Instruments Div., Weston 
Electrical Instrumefit Corp., 582 Fre- 
linghuysen Ave., Newark 5, N. J. 

Weston Electrical Instrument Corp., 582 


Frelinghuysen Ave.. Newark 5, N. J 
THERMOPLASTIC WIRE. See Wire and 
Cable, Insulated. 
THERMOSTATIC BIMETALS 
a - Co., Inc., 118 Astor, Newark 5, 


Brinin Co., C. S8., 318 Washington, Mt. 
Vernon, N. Y. 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 

Chace Co., W. M., 1608 Beard Ave 
Detroit 9, Mich. 

General Plate Div., Metals and Controls 
Corp., 412 Forest, Attleboro, Mass. 

THERMOSTATS 

Barber-Colman Co.. Rockford. Tll 

Fenwal Inc., 112 Pleasant, Ashland, Mass. 

General Electric Co., Apparatus Dep. 
Schenectady 5, N. Y. 

Hart Mfg. Co., 211 Bartholomew Ave. 
Hartford 1, Conn. 

Mechanical Industries Production Co., 
217 Ash, Akron 3, Ohio. 

Mercoid Corp., 4227 W. Belmont Av. 


Chicago 41, Ill. 

Robertshaw Thermostat Div., Robertshaw 
Fulton Controls Co. Youngswood, Pa 
Spencer Thermostat Div., Metals & Con 
trols Corp., 112 Forest, Attleboro, Mass. 
Stevens Mfg. Co., Inc., 69 South Walnw 

St., Mansfield, Ohio. 
Still- “Man Co., The, 429-33 E, 164, N.Y 


56, N 
“eae Electric Corp., 180 Mercer 


» Meadville, Pa. 


TIMERS, MOTOR 
Allen-Bradley Co., 1816 8. Second, Mi) 
waukee 4, Wi 


Automatic Electric Mfg. Co., 50 State 
Mankato, Minn. 
— Signal Corp., 202—20th, Moline } 


General Electric Co., 
Schenectady 5, N. 
Hansen Mfg. Co., Ine., Princeton 8, Iné 
Haydon Co., A. W., 232 North Elm 


Waterbury 20, n. 
Inc., 2526 Elm, Tor 
gton, 
Mercoid Corp., 4227 W. Belmont Ave 


Chicago 41, TL 
Sangamo Electric Co., Springfield, ™ 
4041 N. Richards, Mi) 


Square D Co., 
Struthers-Dunn, Ine., 150 N. 13th, Phils 


waukee 12, Wis 
, Ine., 200 Union, Ashland Mass 
Ward Leonard’ Elec. Co., 34 South 
Vernon, N. Y. 
Westinghouse Electric Corp., P. 0. Boo 
868, Pittsburgh 30, Pa. 
Zenith Electric Co., 152 W. Walters 
Chicago 10, TL 


TIME SWITCHES. See Switches 


TOOLS, PORTABLE 


High Speed Hammer Co., Inc., 
Rochester 5, N. Y. 


Apparatus Dept 
2, 


. 


313 Nortor 


Jones Motrola Corp., 436 Fairfield Ave 
Stamford, Conn. 

Keller Tool Co., Grand Haven, Mict 
(Pneumatic) 

Loyd Scruggs Co., 1022-32 N. Sixth, 8 
Louts 1, 0. 

Stanley Tools, 183 Elm, New Britatr 
Conn. 


Syntron Co., Homer City, Pa. 


TRACING CLOTH, FILM and PAPER 

Arkwright Finishing Co., Providence, B. | 

Bruning Co., Inc., Charles, 120 Reade, 
New York 13, N. Y. 

Eastman Kodak Co., Rochester 4, N. ¥ 

Keuffel & Esser Co., Hoboken, N. J. 


TRANSFER SWITCHES. See Switches 


TRANSFORMERS FLUORESCENT 
—* See Fluorescent Lamp Ausz- 
iaries. 


TRANSFORMERS, INSTRUMENT 
CURRENT 

Acme Electric Corp., 3512 Water, Cuba, 
Allis-Chalmers Mfg. Co., 987A 8. 16. 


Milwaukee 1, Wis. 

Chicago Transformer Corp., 3501 W. Add@ 
son, Chicago 18, IL 

Dano Electric Co., 93 Main, Winste. 
Conn, 

Federal Telephone and Badio Corp., 108 
Kingsland Rd., Clifton, N. J. 

Ferranti Electric, Inc.,. 30 Rockefeller 
Plaza. New York 20. N. V 

Freed Transformer Co., Inc., 1718 Welr- 
field, Ridgewood, Brooklyn 27, N. ¥ 

General Electric Co., Apparatus Dept.. 
Schenectady 5, N. 

Miller-Smith Corp., Trenton, N. 

Raytheon Mfg. Co., Dept. ee Wal. 
tham 54, 

Standard Transformer Co., Warren, Ohio. 

Westinghouse Electric Corp,, P. O. 
868, Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., 589 
Frelinghuysen Ave., Newark 5, N. 2 


TRANSFORMERS. POWER CIRCUIT 

Acme Electric Corp., 3512 Water, Cuba, 
nN. = 

Allis-Chalmers Mfg. Co., 937A 8. TT 
Milwaukee 1, Wis. 


Chicago Transformer Corp., 3501 W. Addi 
son, Chicago 18, Ill. 
93 Main, 


— Electric Co., Winstes 

onn. 

Davis & Co., Dean W., 1006 First, Kens 
land, Ind. 

Ferranti Electric, Inc. ™ 30 Rockefele 


Plaza, New York 20, ¥. 

Freed Transformer Co., . 1718 Weir 
field, Ridgewood, Brooklyn 27, N. ¥ 

General Electric Co., aoe Dept. 
Schenectady 5, 

Kenyon Transformer “Co., , Inc., 840 Barre 
New York 59, N. Y. 

Miller-Smith Corp., Trenton, N. J. 

Murray Mfg. Corp., 1250 Atlantic Ave 
Brooklyn 16, N.Y. 

Nothelfer Winding Laboratories, 11 Albe 
marle Ave., Trenton 3, N. J. 


Radio Corp of America Commercial Be 


gerg., Sect. L41R, Harrison, N. 
Raytheon Mfg. Co., Dept. 6460EM, Wal- 
tham 54, Mass. 
Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. 
Westinghouse Electric Corp., P. O. Be 
868, Pittsburgh 30, Pa. 
Wheeler Insulated Wire Co., Inc., 1103 


East Aurora, Waterbury 20, Conn. 


TRANSFORMERS, RADIO CIRCUIT 
Acme Electric Corp., 3512 Water, Cuba, 
NM, ¥. 


Chicago Transformer Corp., 3501 W. Addi 
son, Chicago 18, 1, 

Dano Electric Co., 93 Main, Winsted. 
Sonn. 

Davis & Co., Dean W., 1006 First, Kem 
land, Ind. 

Federal Telephone and Radio Corp., 100 
Kingsland Rd., Clifton, N. J. 


Ferranti Electric Inc., 30 Rockefelle 
Plaza, New York 20, N. Y. 
Freed Transformer Co., Inc., 1718 Weir 


field, Ridgewood, Brooklyn 27, N. ¥ 
Miller-Smith Corp., Trenton, N. os 
Nothelfer Winding Laberateries, 11 Albe 
marle Ave., Trenton 3, J. 

Radio Corp. of America, 
grg., Sect. L41R, 


Meleemeen En- 
Harrison, N 


Raytheon Mfg. Co., Dept. 6460EM, wa 
tham 54, Mass. 

Wheeler Insulated Wire Co., Inc., 1168 
East Aurora, Waterbury 20, Conn. 

TRANSFORMERS, VARIABLE 
VOLTAGE 

Acme Electric Corp., 3512 Water, Cuba, 
N. . 

Freed Transformer Co., Inc., 1718 Weir- 


field, Ridgewood, Brooklyn 27, N. Y. 
Miller-Smith Corp., Trenton, N. J. 


TUBES, CATHODE RAY 
General miastete A Electronics Dept., 


Schenectady 5 
dio Corp. of “America Commerctal me 


grg., Sect. L41R, Harrison, N. 


TUBES, ELECTRON (industrial) 

Federal Telephone and Radio Corp. 100 
Kingsland Rd., Clifton, N. J. 

General mastitis S. Electronics Dept.. 


Schenectady 5 
Radio Corp. of "aati, Commie ne 
erg., Sec. L41R, Harrison, N. 
Raytheon Mfg. Co., Dept. 6460EM Tine 
tham 54, Mass. 


Westinghouse Electric Corp., P. O. Bos 


84s Pittsburgh 30, Pa. 


TUBES, METALLIZED GLASS. See 
Glass, Technical. 

TUBES, PHOTOELECTRIC. See Phote 
electric Cells & Tubes. 

TUBING, ALUMINUM. 


See Aluminum. 


TUBING, BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Coppe. 


TUBING, FIBRE. See Fibre. 


ELECTRICAL MANUFACTURING 





ZQ ONEL » K, Mon, 





BALLS FOR BEARINGS AND OTHER BALL APPLICATIONS 


Precision balls for every requirement of the electrical industry. 
Made in many different materials. Also special bearings and 
retainers. Send your specifications for recommendations from 
our Engineering Department. 


THE PATH OF MOST RESISTANCE 
MEMO TO FOR ELECTRICITY WWA/W\_siIS 
DESIGNERS THE PATH OF LEAST RESISTANCE 

for your PURCHASING AGENT 


We're Talking About 


JELLIFF «or 1000 


This new resistance wire is almost too good to be true. Not 
only is the Resistivity 1000 ohms/cmf (48% higher than that 
of the widely-used nickel-chromiums), but it also has such 
outstanding mechanical and electrical properties that it can 
easily replace several other alloys now being used in the smaller 


gages for precision resistors. 


7) e LEKTROMESH 


* * * 


¢ 


THE C. 0. 


This means simplified procure- 5 388 aa 


ment, stock and inventory pro- MANUFACTURING 
cedure — more compact pre- tite dake t td 

aie ‘ SOUTHPORT, CONN. 
cision resistors — lower cost 


DIPPING BAS& 
a¥IM 322NVA°? 


and longer life for the finished 


IM Tite ILE TUMOR produce 
HARTFORD 6, CONN. 
DETROIT PT a a eT sess att Thi For the full story of Alloy 


Pee VICTOR R. CLARK TFET iant Tie 1 See oe Pe TT Peet ea : : 
elt eat tet eee te a Pe Bt Ry TT a 1000, write for Bulletin 25. 


FILTERS e 


4d HSIW FBIM eC 


* 
© WIRE CLOTH © STRAINeE 


FOR IMPREGNATING KESTER SOLDER 


Radio Coils, Transformer Coils, 
Ignition Coils, Wire Coverings, 


Paper Tubes and Forms, Porous Bg Rg € a ay 2 a & 


Ceramics. 


FOR SEALING 


Condensers, Batteries, Switch 
Base Terminals, Socket Terminals, 
Light Fixtures. 


FOR DIPPING 


Coils, Transformers, Condensers. 


COMP OUND oe ee Light Units, 


Loading Coils, Condensers. 
Scientifically compounded from waxes, resins, asphalts, pitches, oils 
and minerals for specific applications. Specific data and samples 
will be furnished on request. 


BIWAX CORPORATION 
3445 Howard Street SKOKIE, ILL. 


METAL 
IDENTIFICATION 
TAGS OF EVERY 

DESCRIPTION 


For marking cables, leads, ard 
bundling groups of wires! 


e Easy to apply j oa 
¢ Aluminum, Steel, Brass or Zinc | e data: 


se) 4: 


E ; Use Kester Soft Solder Preforms for flame, oven, and induction 


Free Sa soldering. Write today for samples and complete information. 


National Band & Tag Co. KESTER SOLDER COMPANY 


capert. 9-246, NEWFOR?. EY. 4209 Wrightwood Ave., Chicago 39 » Newark, N. J. * Brantford, Canada 
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FUEL 


ASCO ‘‘MIDGET’’ SIZE 


TWO-WAY AND THREE-WAY 
SOLENOID VALVES 





This is the new small ASCO Two- 
Way Solenoid Valve...only 
2-13/16” from the top of the sole- 
noid housing to the bottom of the valve body. The Three-Way 
Valve or the Two-Way Valve designed for Normal Open 
Operation is only slightly larger, being only 3-5/16” from top 
to bottom. (The latter valve is the lower picture.) 

These Midget Two-Way and Three-Way Valves have many 
applications in the control field because of their compactness, 
sturdiness and efficiency. The Two-Way Valve comes in two 
pipe sizes: %” and 14” Normally Closed (closed when de- 
energized) and ” Normally Open (open when de-energized). 
The Three-Way Valve comes in one pipe size only: /g”. Both 
are standard in brass or stainless steel. Permissible pressures: 
Two-Way Valves up to 300 Ibs./sq. in. (AC) and up to 
250 Ibs./sq. in. (DC) ; Three-Way Valves up to 125 Ibs./sq. in. 
(AC) and up to 50 Ibs./sq. in. (DC). Adjustable Main Flow 
and By-Pass Flow available for Two-Way Valves. Twenty-Four 
inch (24”) leads. 

If you have been looking for a really small and really efficient 
solenoid valve, one of these two ASCO Midget Valves may 
be just what you need. We'll be glad to send you complete 
information (Bulletins 8262 and 8314) but in writing will 
you tell us something about your requirements? 


These valves will be exhibited in Booth 550-551 at the 
New York Power Show, November 27th to December 2nd. 


When in need of Automatic Transfer Switches, Remote 
Control Switches, Contactors, Relays, and Specialized 
Electromagnetic Controls, come to us. 


Automatic Switch Co. 


393 LAKESIDE AVENUE - ORANGE, NEW JERSEY 
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TUBING. LAMINATED MEi 4. 
See Lam.nated Meta 


TUBING, MICA. See Mica. 
TUBING, NICKEL and NICKEL AL- 
LOY 


American Brass Co. Waterbury 88, Conn. 

General Plate Div., Metals and Controle 
Corp., 412 Forest, Attleboro, Mass. 

International Nickel Co., Inc., 67 Wali, 
New York 5, N. Y. 

Revere Copper & Brass, Inc., 230 Park, 
New York 17, N. X. 


TUBING, PAPER 


Accurate Paper Tube Ceo., 854 N. Noble 
St., Chicago 22, IIL 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2, Ind. 


Precision Paper Tube Co., 2035 W. 
Charleston, Chicago 47, Ill. 
TUBING and SLEEVING, BRAIDED 


FABRIC. Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin. 
Bentley, Harris Mfg. Co., Dept. M-43, 
Conshohocken, Pa. 
Corning Glass Works, Dept. EM-12, Cor- 


ning. N. Y¥ 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 

Irvington Varnish & Insulator Co., Irving 
ton 11, N. J. 

Mitchell-Rand Insulation Co., Ine., 51 
Murray, New York 7, N. Y. 

National Electric Coil Co., Columbus 16 
Ohio 

National Varnished Products Corp., 207 
Randolph Ave., Woodbridge, N. J. 

Owens Corning Fiberglas Corp., Textile 
Products Div., Dept. 866, 16 E. 56th 
St., New York 22, N. Y. 

Varflex Corp., 309 N. Jay, Rome, N. Y. 

Westinghouse Electric Corp., P. 0. Box 
868, Pittsburgh 30, Pa. 


TUBING and SLEEVING, Extruded 
Plastics. 

General Electric Co., Chemical Dept 
8-11, 1 Plastics Ave., Pittsfield, Mass 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, III. 

Irvington Varnish & Insulator Co., Irv- 
ington 11, N. J. 

Mitchell-Rand Insulation Co., Inc., 5) 
Murray, New York 7, N. Y. 

National Varnished Products Corp., 207 
Randolph Ave., Woodbridge, N. J. 


National Vulcanized Fibre Co., Wilming- 
ton 99 Del. 


New Jersey Wood Finishing Co., Elee- 
srteal {nsulation Dept., Woodbridge. 


Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester. Mass. 


Varflex Corp., 309 N. Jay, Rome, N. Y. 
TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING, STEEL. See Steel, Commercial 
Grades and Forms. 


TUNGSTEN 
(See also Contacts) 


Fansteel Metallurgical Corp., North Chi 
cago. Ill 


Mallory & Co. Inc., P. R., Indianapolis 
&. Ind 

UNDERCUTTERS, MICA. See Mica Un- 
dercutters. 


VACUUM TUBES. See Tubes, 
Ray; Tubes, Electron. 


Cathode 


VALVES, MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Co., 393 Lakeside Ave. 
Orange, N. J. 

Barber-Colman Co., Rockford, Ill. 

General Electric Co., Apparatus Dept. 
Schenectady 5. N. Y. 

Magnatrol Valve Corp., 67 Fifth Ave 
Hawthorne 4, N. J. 

Mercoid Corp., 4227 W. Belmont Ave. 
Chicago 41, Il. 

Minneapolis-Honeywell Regulator Co., In 
dustrial Division, 4466 Wayne Ave 
Philadelphia 44, Pa. 

Skinner Electric Valve Division, Skinne 
a Co., 130 Belden Ave., Norwalk 
onn. 

Waterman Engineering Co., 721 
Ave., Evanston, Ill. 

Westinghouse Electric Corp., P. 0. Bo 
868, Pittsburgh 30, Pa. 


Custer 


VARNISHES, COMPOUNDS AND 
RESINS, INSULATING 


Bakelite Division, Union Carbide & Ca: 
bon Corp. Dept. BL-20, 30 E. 42nd, 
New York 17, N. Y. 

Borthig Co., Inc., George C., P. 0. Bas 
115, East Rutherford, N. J. 

Celanese Corp. of America, Dept. 5L, 180 
Madison Ave., New York 16, N. Y. 

Du Pont de Nemours & Co., Inc., E. L., 
Finishes Dept. Wilmington 98, De’ 

Durez Plastics & Chemicals, Inc., 1312 
Walck Road, North Tonawanda, N. Y. 

General Electric Co., Chemical Dept 
8-11, 1 Plastics Ave., Pittsfield, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

{rvington Varnish & Insulator Co., Irv- 
ington 11, N. J. 


Mica Insulator Co,, Schenectady 1, N. Y 
Mitchell-Rand Insulation Co., Inc., 5% 
Murray, New York 7, N. Y¥ 


National “Electrie Coil Co., Columbus 16 
Ohio, - 
Westi; ghouse Electric Corp., Dept. 219, 
P. & Box 868, Pittsburgh 30, Pa, 
Zophar Mills, Inc., 117 Twenty Sixth 
Brooklyn 32, N. Y. a 


VARNISHEL 


FABRICS. See Fabrics. 
Insulating. 


VARNISHES, FINISHING. See Lacque, 
Enamels and Varnishes. 


VARNISHES INSULATING, See Vap- 
nishes, Compounds ana Resins. 


V-BELTS. See Drives, V-Belt 


VOLTAGE REGULATORS. See Regu- 
lators, Voltage. Transformers. Variable 
Voltage. 

VOLTMETERS. See Instruments. 
VIBRATORS 
Aerovox Corp., New Bedford, Mass 
American Television & Radio Co., 8, 


Paul 1, Minn 
Meter & Co., Inc., P. B 


Indianapolis 
Ind. 


WASHERS, PEARING. See _ Bearings 
and Bushings. 


WASHERS, FLAT. See 


Fasteners. 


WAXES AND COMPOUNDS 


Bakelite Division, Union Carbide & + 
bon Corp., Dept. BL-20, 30 E. 42nd 
New York 17, N. Y. 

Biwax Corp., 3445 Howard, Skokie, IL 

General Electric Co., Chemical Dep 
8-11, 1 Plastics Ave., Pittsfielu, Mass 


Mica Insulator Co., Schenectady 1, N. ¥. 


Mitchell-Rand Insulation Co., Inc, #8 
Musray, New York 7, N. Y. 

National Electric Coil Co., Columbus 16, 
Ohio 


Zophar Mills, Inc., 
Brooklyn 32, N. Y. 


117 Twenty Sixth, 


WEDGES AND PEGS, ARMATURE 


Insulation Manufacturer’s Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 
Mica Insulator Co., Schenectady 1, N. ¥. 
Mitchell-Rand Insulation Co., Inc., 51 

Murray, New York 7, N. Y. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 


WELDING EQUIPMENT 


Allis-Chalmers Mfg. Co., 937A 8. 1, 
Milwaukee 1, Wis. 

General Electric Co., Apparatus Dept.. 
Schenectady 5, N. Y. (ARC) 


Murray Mfg. Corp., 1250 Atlantic Ave, 
Brooklyn 16, N. Y. 

Westinghouse Electric Corp., P. 0. Bes 
2025, Buffalo 5, N. Y. (Flexarc) 


WHEELS, BLOWER 


Master Appliance Mfg. Co., Fourth & On- 
tario, Racine, Wisc. 


WIRE AND CABLE, BARE 


American Brass Co., Waterbury 88, Conn- 


American Steel & Wire Co., Cleveland 
13, Ohio 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. 

Cornish Wire Co., Inc., 15 Park Bow, 
New York 7, N. Y. 

Electric Auto-Lite Co., Port Huron, Mich. 

General Electric Co., Construction Mate- 
rials Dept. Bridgeport 2, Conn. 

Hudson Wire Co., Winsted Div., Winsted. 
Conn. 

Resbling's Sons Co., John A., Trentes 
2, N. 


Rome Cable Corp., Dept. EM-12, Rome, 
Bu. Z. 


WIRE AND CABLE, INSULATED 


Asbestos (A) 
Rubber (B) 
Varnished Fabrice (C) 
Thermoplastic (T) 
Coaxial Cable (xX) 


Alden Products Co., 117 North Main, 
Brockton 64EM, Mass. (C) 

American Steel & Wire Co., Cleveland 
13, Ohio 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. (ABCTX) 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Ill. (ABTX) 

Boston Insulated Wire & Cable Co., Dor- 
chester 25, Mass. (BTX) 

Cornish Wire Co., Inc., 15 Park Row, 
New York 7, N. Y. (BT) 

Electric Auto-Lite Co., Port Huron, Mich. 
(AB) 

Essex Wire Corp., Monticello, Ind. (BT) 

Federal Telephone and Radio Corp., 
Passaic Ave., East Newark, N. J. 
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General Electric Co., Construction Mate- Electric Auto-Lite Co.. Port Huron, Mier 


rials Dept., Bridgeport 2, Conn, Essex Wire Corp., Monticello, Ind. 
ABCX General Electric Co., Apparatus Dep 
. 313 Schenectady 5, N. Y. 

Chamber of Commerce Bldg., Pittsburgh gudson Wire Co.. Winsted Div., Winstes 
19, I F Jes 


”a. (A) 
Okonite Co., Passaic, N. J. (ABCTX) aedbane Products Corp., New Have 


Phalo Plastics Corp., Commercial & Fos- 4C 
er, Worcester 8s. TX) » Conn. ~ 
Rockbestos Products Corp., New Haven Roebling’s Sons Co., John A., ‘enton 3 
4, Conn. (AT) - J 
Roebling’s Sons Co., John A., Trenton 2, Rome Cable Corp., Dept, EM-12, Rome, 


Rome Cable Corp., Dept. EM-12, Rome, Wheeler Insulated Wire Co., Ine., 11” 
Suprenant’ Mfg. Co., 10 


9 Washington 


MA Driver-Harris Co.. Harrison, N 
Nilson Machine Co., A. H., Bridgeport 6. Hoskins Mfg. Co., 4445 
Conn. 


. J 
45 Lawton Ave., 
Detroit 8, Mich. 
Jelliff Mfg., Corp., Southport, Conn. 


WIRE, MAGNET 
Anaconda Wire and o* Co., 25 Broad ZINC 
*» - 


way. New York 4 


. . Federated Metals Div., American Smelt- 
Belden Mfg. Co., 4633 W. Van Burea i & Refining Co., 120 , N. ¥. 
Chicago 44, IIL a". a ining Co., 120 Bway., 
Chase Brass & Copper Co., Dept. EBM New Jersey Zinc Co., 160 Front, New 
250, Waterbury 20, Conn. som a NM. zd 


FOLDING DOUBLE CUPPED WASHER LUGS 


A SIZE and TYPE for every need! 





SCREW MACHINE PRODUCTS 


AND 
METAL SPECIALTIES 


Modern plant equipped to 
produce accurate work in 
all metals. 


Send your specifications to 
us for prompt estimates 
without obligation. 


LINDEN & CO., Inc. 
70-82 Baker Street 
Providence, Rhode Island 


PRECISION PAPER TUBES 


for low-loss 
COIL FORMS 


Spiral-wound of heat-treated di- 
electric kraft, fish paper, cellu- 
lose acetate and combinations. 
Any ID, OD, size, shape, length. 





Write for samples and Mandrel 
Size List. 


Also mfrs. of Precision Coil Bobbins 
PRECISION PAPER TUBE CO. 


T CHARLESTON ST 
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Boston 7, Mass. (BTX) 
Sprague Electric Co., North Adams, Mass., WIRE, RESISTANCE 
U. 5S. Rubber Co., Rockefeller Center Boston Insulated Wire & Cable Co., | 
New York 20, N. Y. Dorchester 25, Mass. 
Driver Co., Wilbur B., 150 Riverside 
WIRE and METAL FORMING Ave., Newark 4, N. J 
CHINES 











PRICED for 
IMMEDIATE SALE! 


GENERAL ELECTRIC 
TRANSFORMERS 


25KVA 60 CYCLE AA 
440-1100V /440V-2200V —“~—S 


GE TYPE K TRANSFORMER 


2KVA 60 CYCLE 
110V - 60,000V 








GE HIGH-VACUUM MERCURY PUMP 


with “McLeod Gauge”. Mercury diffusion 
pump is electrically heated. Pressure switch 
controls operation of pump. Diffusion pump 
exhausts into a mechanical rotary vacuum 
pump. McLeod gauge measures vacuum to 
.5 microns. 


BROWN ELECTRIC PYROMETER 


0° - 800° CENTIGRADE 


e OVEN TEMPERATURE CONTROLLER 


100° - 600° PARTLOW 


e VARIACS 


GENERAL RADIO TYPE 50B 
230V. 60 CY. 7KVA 


GENERAL RADIO TYPE 100Q 
115V. 60 CY. 2KVA 






LARGE INVENTORY OF COMPONENTS 
AVAILABLE — IMMEDIATE DELIVERY 






POTENTIOMETERS 
WIRE & CABLE 


CHOKE COILS ° 
~ 
@ POLE LINE INSULATORS 
* 
’ 


FILTER REACTORS 

High Test Voltages 
CONTACTORS 
DE-ION LINE STARTERS 
OIL FILLED CONDENSERS 





RELAYS 
SWITCHES 





ALL INQUIRIES WILL RECEIVE PROMPT AT- 
TENTION ... LATEST BULLETIN IS NOW AVAIL- 
ABLE; OFFERS ARE SUBJECT TO PRIOR SALES 


COME ELECTRONIC 
| SALES CO. | 
22 WASHINGTON ST. BRIGHTON 35, MASS. 
BEacon 2-7863 


























































THAT MUST NOT FAIL 


Automatic Airway Beacon 
Controlled by 
Telechron Timing Motor 





Today’s modern airfields leave nothing 
to chance. Airway beacons and airstrip lights 
flash on automatically at the first approach of 
dusk. Whether ‘‘dusk’”’ occurs in mid-afternoon 
or at its duly appointed time, pilots need not 
fear for proper guidance while in flight. Lights 
respond to pre-determined light levels and func- 
tion the instant they are needed. 

Weston illumination controls permit this uni- 
formly reliable regulation of lighting. Inde- 
pendent of human judgment or arbitrary light 
schedules, it is a great advance in aviation safety 
These controls owe their dependability to 
Telechron Timing Motors — also used in aircraft 
instruction markers, street lighting and industrial 
lighting. 

Instantly, constantly synchronous, Telechron 
Timing Motors give dependable performance 
every time. 


Timing On Your Mind? 


If you have a timing problem to contend with, 
a Telechron application engineer can be of great 
help to you, Backed by broad field experience, 
he can lead you to important savings in time 
and money. Consult him early in your planning. 
For immediate facts, send coupon below. 


TELECHRON INC. A General Electric Affiliate. 


TELECHRON INC, 
30 Union Street 
Ashland, Massachusetts 


Please send me information on sizes and types of Telechron NAME 
Synchronous Motors. My possible application is: 
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Electrical Manufacturing Advertisers 


Accurate Mfg. Co. 

Accurate Paper Tube Co. 
Accurate Spring Mfg. Co. . 
Acme Electric Corp. 

Acra Industrial Electric Co. 
Adrian Industrial , 
Air Express Div., Railway Beaceis, en 


Akron Porcelain Co. ; 45, 
Alden Products, The ‘ 
Allen-Bradley Co. . 35, 


Allied Controls Co., Inc. 
Allied Products Corp. 
Almo Mfg. Co. 
Aluminum Co. of America 16, 
American Brass Co., The 

American Cyanamid Co.. 

American Gas Accumulator Co. 

American Hard Rubber Co. 

American Insulator Corp. 

American Lava Corp. 

American Screw Co. 15, 
American Steel & Wire Co. 40, 
American Television & Radio Co. 
Amperite Co., Inc. 

Arkwright Finishing Co. 
Armstrong Cork Co. 

Associated Research, Inc. 
Associated Spring Corp. 

Auburn Button Works, Inc. 
Automatic Electric Mfg. Co. 
Automatic Electric Sales Corp. 
Automatic Switch Co. 


Bakelite Div. 
Corp. 


Union Carbide & Carbon 


Baker & Co., ont, : Jae aaa es 
Barnes CUo., Wallace Div., Associated 
Spring Corp. pe shia 
Barnes-Gibson-Raymond ate: ' dmneciotet 


Spring Corp. ; ~~ an 
Bead Chain Mfg. Co., The . ae 
Beaver Gear Works, Inc. 
Belden Mfg. Co. 
Beryllium Corp., The 
Biwax Corp. ‘ 
Blake & Johnson Co., The. 
Brainin Co., C. S. 

Bristol Co., The 
Bruning Co., Inc., Charles 
Burndy Engineering Co. 


Camear Screw & Manufacturing Co. 
Cannon Electric Development Co. 
Carboloy Co., Ine. 

Carnegie-Illinois Steel Corp. 
Celanese Corporation of America 
Central Screw Co. 

Ceramic Specialties Co., The 

Chase Brass & Copper Co. 

Chicago Molded Products Corp. 
Chicago Rivet & Machine Co. 
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clock with the power of a motor. Made with 
jeweled movements, this extraordinary timer 
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Extreme accuracy 
Wide range of voltage, 
load and temperature 
@ Reversible 
@ Compact 
@ Light weight 


“A. W-HIAYDON 
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WATERBURY 20, CONNECTICUT 
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ELECTRICAL MANUFACTURING © 


PRINTED BY PERIODICAL PRESS CORP., PHILA. 23, PA. 





DECEMBER 195¢ 


UNIVERSITy 


lectrical “= 


tie 


Aanufacturing 


Engineering and design of electrically energized machines, appliances and equipment 


Variable-Speed Drives 


Part | in this issue deals with a-c adjustable-speed types 
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Composition and fabrication affect design limitations 
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Performance fixed by electrical and mechanical factors 
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Two factors stand in the way of commercial application 


Miniature Tantalum Capacitors 
Development story behind achieving 4 mf in 0.1 cu in. 
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